THE 
BOTANICAL MAGAZINE 


PUBLISHED 


BY 


THE BOTANICAL SOCIETY OF JAPAN 


Volume 74 
Nos. 871-882 


TOKYO 
1961 


i ty FF RE iE 


a 74 4 871-882 4 


Bot. Mag. Tokyo, Vol. 74 i 


AUTHOR INDEX 


Articles 

Fusil, T., and ISHIkAWwA, S.: The Effects of Temperature after the Light-exposure on the 
ee MAO OL MEO en SCEUS ee oe, ras. ote theese tn eee eee eee antes 

Fugi, M. (—Horl, T.) 

Fusi, T. (-ISIKAWA, S.) 

Fugio, M. (Kimura, K.) 

HANAWA, J.: Experimental Studies on Leaf Dorsiventrality in Sesamuwm indicum L. (Jap. 
ie oe te PIES CCGG oo I ia aes INE Ae ee aT A I MI AMER Sis aiid 303 

HANAWA, J.: Further Studies on the Double-leaf Formation in Sesamum indicum L....... 402 

HASHIMOTO, T.: Synergistic Effect of Indoleacetic Acid and Kinetin on the Primary Thick- 


414 


SHIN SLOls Pear StS SCO MENUSHe a en on ae TS ee Me aes Fame Se Nee toe Vesa sea eee teas 110 

HATAKEYAMA, I. (>KAWANO, K.) 

HIDA, M., and IDA, K.: Studies on Carotenoids of Green and Autumnal Red Leaves of 
Metasequoia glyptostroboides (Jap. with Eng. Summary) ..............000eeeeeee cece eens 369 

HIDA, M.: The Comparative Study of Taxodiaceae from the Standpoint of the Development 
of the Cone Scale (Supplement). The Development of Metasequoia’s Cone Scale (Jap. with 
NOM OULIMATY eae eas. Ue ES See SRS RSIS AES ERE Sa SE TTR DREAD TCT ES POT e RE aT ree 449 

HipA, M.: Studies on the Bark of Metasequoia glyptostroboides, with Special Reference to 
Giant+Cork=Cells (Japs with bug.) SUMINATY essen. eet ost cc neem aoa e ade esas 514 

HriromorTo, K.: Culture of Mycelia from the Fruit Body of Hymenomycetes by ‘‘ The 
Hymenium-Isolation Method’’ (Jap. with Eng. Summary) ................ sees eee eee 154 

HIrRoMOTO, K.: A _ iscussion on the Taxonomy of Tricholoma aggregatum (Schaeffer ex 
Secretan) (Constantin et Dufour and Tricholoma conglobatum (Vittadini) Saccardo (Jap. with 
IU SAROUMIMIALY GMAT. RPO AIAG, ota era etd Ute ree atten a alavat a scar erera oie tccavar a sie ctoh austakah coat set at 419 

Hori, T., and Fugu, M.: On the Growth Substances Economy before and after Flowering 
fi MACHWOLSATYOLNEOTLULGCO™ JTAILOU/LOTOMLOOK et name Se ane te ete soae oe aoc erie cre ae 357 

HUZISIGE, H., and SaTou, K.: Photosynthetic Nitrite Reductase I. Partial Purification and 
piieareies OlsthierEnzy ile sTromespinach Leaves... aries steld ee laisse lee teatro stance apalyftes 

ICHIMURA, S.: On the Spatial Difference of the Primary Production in the Lake site adh 
RelaviOnmcomEAVirOmlinental ACLOLS wine ce tc cots Sete ciete etek atte lc tote tetefatett ital tale hei hagelageteneletafelets 6 

IpA, K. (>HiIpa, M.) 

INOH, S. (—NISHIBAYASHI, T.) 

INOUE, H.: Supplements to the Knowledges on Takakia lepidozioides Hatt. et Inoue (Jap. 
ALLIS a LITA LILATAY ete mete ote te tet attatciehe' shchtarstct hae cuetata lars tclctet tetera’ hy telatalataminet Tarelen econ tt enh acl tet lalet is 509 

ISIKAWA, S., Fudgll, T., and YOKOHAMA, Y.: Photoperiodic Control of the Germination of 
LE AUGHOSTLS POCCU Sta an Mate Oe ee eae oe Aa easel TNS Pa pai aia ats eleges eat ceelshe Sel be arene Tae 14 

ISIKAWA, S. (>FUuJII, T.) 

ITAGAKI, S., KoBATA, M., and KINOSHITA, S.: Cytological Studies on Micrococcus glutamicus. 
Part V. The Effects of Na-citrate and Na-malate on Cell Elongation and Branching 
Cap awit bar now Suninary rte crete atts Tcl e a eects Cadet eta saree ieee ee eae ee 452 

ITAGAKI, S, KOBATA, M, and KINOSHITA, S.: Cytological Studies on Micrococcus glutamicus. 
Part VI. Investigations of Substances which have the Effects of Cell Elongation and 
Sa eA MOMS TI CM ONAL) MEW 1G IN Eta Zee OULITITINAT Y) te) eyeteyatailer eet sleleie rs ernie eie\isouerals 'edsceluleror evelolel ol ¢is)e/ clei steseigiel« 498 

Ito, T.: Fruit Body Formation of Red Bread Mold Neurospora crassa IV. Effects of Am- 
monium and Nitrate Ion in the Medium on Size of the Perithecium.................... 379 

Iwakl, H. (>Nomoto, N.) 

IWASAKI, N.: Entwicklungsgeschichtliche Untersuchungen an den Characeen I. WNitella 
TDL SURO IS 18 Mere OE Re ae ee re eis ME ae ee hs tele testa ees tease as 211 

Izawa, M.: Effect of Indoleacetic Acid on Protein and Ribonucleic Acid Syntheses in 

98 


Cultured) Bean Geriml-axes: teeta ges facie aan. s eta iets. onerste Wate'a’e pdt is, steve e666 AS SOS Ae ae wi 


ii Bot Mag. Tokyo, Vol. 74 


Izawa, M.: Water Uptake and Indoleacetic Acid Destruction of Cultured Bean Germ-Axes 


dode aa dae os Onerines) wiseisr as 169 

Karo, Ty oStadies eit he: Phosenticaae Action in Plants I. Histochemical Investigation of ee 

Phosphorylase in Growing Leaf Epidermis ....... ‘rather? Pies Pegi aa me 
KatsumlI, M.: Studies on the Mode of Action of 1:4-dihydronaphthoic acid-1 I. : ce ‘aot 

Kawano, K., Tuzil, R., and HATAKEYAMA, I.: Seasonal Changes in the Osmotic Value, 1 
Water Content and Solute Ratio of the Bud of Mulberry Aree ecg Sane A alipaae 

KIKUCHI, M.: Studies on Pigment Formation in Penicillium islandicum Sopp., N 5 
during Cultivation (Jap. with Eng. Summary).....-.-.ssseeeee cece neee rece cereccteees 


KIKUCHI, M., and NAKAHARA, M.: Sequence of Pigment Formation in the Mycelia of 
Defective Strains Obtained from Penicillium islandicum Sopp. by UV-irradiation (Jap. 


Cbs oleae 463 
WW ACH ESN) Some UITININ ALY) epelele term cten cteletedls clove sckevasaietsrors (oe Gere steceenes ee eeee nase ce frre is 
Kimura, K., and Fugio, M.: Variation in the Expansibility of Pilei in Coprinus macror 548 
zus form. microsporus (Jap. with Eng. Summary).......--ssseeee eee ee seen ee es ereteces 


Kimura, K.: Effect of Temperature and Nutrients of Flower Initiation of Raphanus 
satus Le in Total (Darkness: . oe ac. csisicie ¢ ore avo ses! «) sloselelsicl olelg alate 'oLche elesotelauar-Tie is ie Vel ocala ke hei reis 

KINOSHITA, S. (>ITAGAKI, S.) 

KoBATA, M. (-ITAGAKI, S.) ; 

KOBAYASHI H.: Chlorophyll Content in Sessile Algal Community of Japanese Mountain 


River sete ee ene e tenes teeettetestner tener sneeettaesetesersrsseescrseeceetsetteges sees 228 
KOBAYASHI, H.: Productivity in Sessile Algal Community of Japanese Mountain River ees 331 
KoyAMA, T.: Concerning the Variants of the Carex sachalinensis Group. Taxonomic 

mtudies of (Cy peraceaee 1S ini. siere «ac cers «.a-c 47 + lepuie sy afeuaualie lok) -eke chebereieiaiauele kal gia's cuales ital eaten 321 
KuriTA, S.: Chromosome Numbers of Some Japanese Ferns (II) .........-..e22+eeeeeeaees 395 
KUWAYAMA, Y., SHO, S., and USAMI, S.: Cyanide-Stimulation of Lysichiton Spadix Respira- 

tion k( fan sawith Eng, sOumimary ) cats ovens ahve (o ticsciers cueusls Glace ©) okeore era aleestebedel aes ete le tate 375 
MASUBUCHI, N.: Studies on Graft Hybrids in Solanaceae I. Chimeras from the Grafting 

between Salanum nigrum and Lycopersicum esculentum (Jap. with Eng. Summary).... 34 
MEHTA, S. C., and VENKATARAMAN, G. S.: Fine Structure of Diatom Valves III........... 248 


Mons!I, M. (-NomorTo, N.) , 
MURAKAMI, Y.: Paper-chromatographic Studies on Change in Gibberellins during Seed 


Development;and) Germination inv Pharbules NG. cee soca a eaieeene eis ae ee eee 241 
NAKAHARA, M. (KIKUCHI, M.) 
NAKAMURA, K.: An Ascospore Color Mutant of NGUTOSPOTE. CTASSG. cs 0+ cs asta eU ee 104 
NAKAO, S.: Effect of Low Temperature on Bacterial Oxidations ...........e.eceececcecees 60 
NAKAZAWA, S.: Developmental Mechanics of Fucaceous Algae XVII. Differential Destruc- 

tion of the Cortical Layer of Cytoplasm in Ultracentrifuged Coccophora Eggs .........- 1 
NAKAZAWA, S.: Developmental Mechanics of Fucaceous Algae XVIII. Localization of 

Protoplasmic Elements in the Developing Rhizoid..............c.c2  cccncccececccces a OL 
NAKAZAWA, S.: Developmental Mechanics of Fucaceous Algae XIX. Negation to Presence 

of Polar Cyto-skeletal Systems in the Endoplasm of Coccophora ees) .. eee. sree ere 431 


NimurRA, H. (—Suzukl, S.) 
NISHIBAYASHI, T., and INOH, S.: The Formation of Zoospores in Chorda filum (L.) Lamour. 


(Jap, with Eng. Summary) i...s5..50s.3020Nt es cote crete Mei ie een ee eer: 195 
NISHIDA, Y., and SalITo, S.: Studies of the Germination of the Spore in Some Mosses II. 

Diphyscium fulvifolium Mitt. and Sphagnum cuspidatum Ehrh, ...........0.eeceee cee 91 
NISHIGAMI, K.: The Effects of 2.4-Dichlorophenoxyacetic Acid on Growth and Respiration 

ID FEARS ao cae os app cot nan sons erdsccuusges asus ie care paren tee ee eee 190 
Nomoto, N., IWAKI, H., and MOownsI, M.: Physiological and Ecological Analyses of Shade 

Tolerance of Plants I. Growth of Green-grams under Varying Light Intensities........ 386 
OSHIMA, Y.: Ecological Studies of Sasa Communities I. Productive Structure of Some of 

the Sasa Communities in Japan 0 09 s\n a 5.s'ein gies 4 Sie wie ily Onis. 4-5 tie th amt 199 


OSHIMA, Y.: Ecological Studies of Sasa Communities II. Seasonal Variations of Productive 
Structure and Annual Net Production in Sasa Communities, cs <<... s<s anata nme ane 280 


Bot. Mag. Tokyo, Vol. 74 iii 


OsHIMA, Y.: Ecological Studies of Sasa Communities II]. Photosynthesis and Respiration 


emer HACE emma Ne See ee eC eee ee es eee ee es BEE IEID | LM  OTOM AI 349 
OSHIMA, Y.: Ecological Studies in Sasa Communities, IV. Dry Matter Production and 

Distribution of Products among Various Organs in Sasa kwrilensis Community ........ 473 
OsumI, M.: Electron-microscopical Studies on Chromoplast I. The Ultra-structure of 

RSiOMUD ASC RIUMCOL ATU Cree een mTOR cit tree en ee te ee ree A ere 165 
SAEKI, T.: Leaf Growth as Influenced by Dry Matter Production,.............ececececeees 70 
SAEKI, T.: Analytical Studies on the Development of Foliage of a Plant Community ...... 342 


SAITO, S.: (NISHIDA, Y.) 
SAKAI, E. (>SHIBATA, M.) 
SATOH, K. (>HUZISIGE, H.) 
SHIBATA, M., and SAKAI, E.: Concerning the Anthocyanins of Two Garden Varieties of 


EW LMC RIL HILO Ry ar cee yn Sac tase heehee aren Me end > Fe ceo teae obe bene 186 
SHo, S. (>KUWAYAMA, Y.) ; 
SUGIURA, M.: A Study on Respiration of Bean Seed Embryo...............cscccccecceseee 19 
SUZUKI, S.: The Seasonal Changes of Aquatic Fungi in Lake Bottom of Lake. Nakamura 

MAD WACO BON CP OUINIIA GY MA aaaa a soienan alahaitsita« aaa SUMO EIGN as ee da he cote ek cee 30 
SUZUKI, S., and NImMvURA, H.: Relation between the Distribution of Aquatic Hyphomycetes 

ie apaneseswakesrandplakem ly pes. nf ere cen idttelicle denccswie dadbnar teks ceed 51 
SUZUKI, S.: The Diurnal Migration of Zoospores of Aquatic Fungi in a Shallow Lake 

ADM viLU EG OM SUMMARY MMe Liat) ao apneic assina ah carecccnin Guia as nag crsrsyeg, wd aie sueeemee sree oe 138 
SUZUKI, S.: The Vertical Distributions of the Zoospores of Aquatic Fungi during the 

Circulation and the Stagnation Periods (Jap. with Eng. Summary)...............200.00- 254 
SUZUKI, S.: Distribution of Aquatic Phycomycetes in Some Inorganic Acidotrophic Lakes 

Nite Devoe Noe Shee oe deok cho k. CH EC OCD OES Rip On COU CE Se SE Cee oe ee ie or ees 317 
SUZUKI, S.: Culture Experiments on the Relation of Lake Bacteria to Lake Type.......... 494 
TAKAMI, W.: Physiological Studies of Pollen, Chiefly, the Effect of Trace Elements on the 

Germinationof Pollen<Grains (Jap. with Eng: Summary) ...7.00...cnc0s.nsssecns eneg oe 142 
TAKEHISA, S.: Aneusomaty in the Leaves of Diploid Petunia «..........cecccee ccc receees 494 


TAKEMURA, E.: Morphological and Cytological Studies on Artificial Hybrids in the Genus 
Lycoris. 1. On the F, Hybrid between L. sprengeri Comes. and L. straminea Lindl. 


Gap we witherrormSummrriary) pete Pil «.0s otpretcror arstetowa:cteyoucrngubehs HAA RL ISs a lee carcass a aintele C8 524 
TATEBE, T.: Physiological Studies on the Fertilization in Lythrum salicaria Linn. I. 
Presence of? Pollen-germination Inhibitors in the Ovaryiee. i seGnel. eels sie ele ee ee ees oe 291 
ABRASAKL) Y4:4 On Spirillum putridiconchyliumt NOV. SPi Ges... cde se cccrcwsessscsscseveus 79 
PBR AGMKT., YemOntmeliwo NewaspecieseofeSpirillwmt - tak finiae dis cine sees Alon Waelels Bhar os + ae 220 
ToyopA, K.: Changes in Ascorbic Acid Content in Plumules of Nelwmbo nucifera During 
MattrationaOruthegdtt tibecadeonter, -Sppepss.c MRE Es SI. ods Seat aivtow SoG bnehs ee Gees g's 28 
TsuBo, Y.: Sexual Reproduction of Chlamydomonas as Affected by Pan Balance in the 
NTE CIT TT penn Per ae tan ooo cede tee Graal dee coreuptt. mayors, ch SM SE BE Abe pecs ke Oe ake ah aly chee wie 442 
TsuBo, Y.; Effect of the Supernatant of Illuminated Culture on Dark Mating in Chlamy- 
domonas moewusii var. rotunda (Jap. with Eng. Summary)..................-..008 6. 519 


Tuzil, R. (>KAWANO, K ) 

URAYAMA, T.: Stimulative Effect of Certain Specific Bacteria upon Mycelial Growth and 
Bruit Bodye Formation.of Agaricus bisporus (Lange) Sing. oo. wn. a ne te nen os 56 

UsamI, S. (~KuwayaMa, Y.) 

VENKATARAMAN, G. S. (=MEHTA, S. C.) 

WADA, K.: Studies on the Flower Initiation of Spring Wheat in Sterile Culture I. Effects 


of Photoperiods and Photo-sensitive Growth Stage... . . -h.. <i.0). oj emesis dels oltiekalalayae va eins 236 
WATANABE, K.: Studies on the Germination of Grass Pollen II. Germination Capacity of 
Pollensiny Relationyto the Maturity of Pollen and Stigma 2.2.0 . is. oho se ence cc ce sie 131 


YAGISHITA, N.: Studies on Graft Hybrids of Capsicum annuum L. I. Variation in Fruit 
Shape Caused by Grafting and the Effects in the First and Second Seed Generations .. 122 
YAGISHITA, N.: Studies on Graft Hybrids of Capsicum annuum L. II. Variation in_Fruit 


Bot. Mag. Tokyo, Vol. 74 


iv 
Shape Caused by Grafting for Three Successive Generations ....+.+.eeseseeeeeeeeeenes 480 
YAMAMOTO, M.: Cracking of Bean Seeds Soaked in Water......---+s+eeereeeereeereeceeees 273 
YOKOHAMA, Y. (ISHIKAWA, S.) 
Short Communications 
HiraTA, T., and Fusita, K.: On Amino Acid Constitution of Poncirus Seed Protein ...... 313 
MuRAKAMI, Y.: Formation of Gibberellin A, Glucoside in Plant Tissues ............+++++- 424 
NAKAMURA, T., ISH, H., and YAMAKI, T.: The Intracellular Localization of Native Auxin 
ineAvend Coleoptilesss.. scr - eke Sse dRcigistan’ cc b 4 nisie. 4 Feat a ale aie Es cee a eee 532 
ToOYOKUNI, H.: Separation de Comastoma, genre nouveau, d’avec Gentianella ............ 198 
Miscellaneous Notes 
HARASS IN. Apical Viewsof Vegetative Shoot, Apex, ..crii «ci <felelete« tte <1 pieleloleteints fatriettanaanes 267 
INOUE, H., and KITAGAWA, N.: Eremonotus (Hepaticae), a New Addition to the Hepatic 
Flora‘of Japanigst. : <6. Setoewuctesines caseit.: desiree Oih.<t bnemicte See eo uae 266 
SAMPATH, 92, /Notes.on) the taxonomy. of. the Genus! O7yzq 2... as a+ s/s «asics sarees eee 269 


ToyopA, K.: A Complementary Note on the Chlorophylls in Some Spermatophytic Seeds.. 310 
URAYAMA, T.: On the Triangular Wedge-Shaped Bamboo Piece Spawns of Lentinus edodes 


(Berks) Sing separ yajlele alo a\eispajiond s eeve « wisiekelelens « shaleted's & sjateelsistetstaislesigie.« 7] debeastetan < sanv eee 48 
Corre tl 1G ere tr eS ies sce cae, 3 a,0.5 a caicehs od oro. c0) bose a sjane) ayoter 4s j“Gsie.eLnie Sees cat Sie EER Oe eee ET 87, 315 
Proceedings ‘of. the. Socket yigus jae Aavejns nis iid vtaydo'e aloo Gaidbw oak er eeeeee mee 50, 88, 160, 271, 316 


Books Reyie wy. « Mecrcstucessstonscs: oars aA eysinnnalins pn ins Wibans » Sbikcpaieks = ohage acta Groner Rae <a ae ote ee 86 


fh ME GK BS 74% Vv 


A 5| 
(74 9 =F) 
FRESH: Fh VP THRMICSIS KARR BLO ) RMMBS Mc Rist y Fo 
PE VU D) 7 Se (HES) evel orevolalolase wie sieieleic)¥ sisi saa i4's 2 tae atedts & otobteles Me etic sine debit ae fe a. cen ae 98 
ARSE Sb Ya OFIRIC IST SBOE TY FAIRE (BERD) verre eee eee eee 169 
AB) DEE + BRE TE > BRERA: 7 FOF SETA MBB (BEAT) oe eee eee 14 


AIRHE (= HRG IE) 
FFA AIF (IRA SAF) 
AREER AB > RW SF > ARR SLEB: Micrococcus glutamicus  y)fa3ZhonRoe 


$85 %% Na-citrate fs kU Na-malate D(H FEA RAITT cece eee cence eee 
PEER EB + ORG SF AP SEB: Micrococcus glutamicus OenlfaZ Marge 

£6 RSA SIR ROOT. o.oo cheb eb ee bab deck a ee... 
THAT RSE: RIYA DFR 7h > PABPTIT HST SB EWE FED BD» (BEM) cere c esse cece eee eeees 6 
FIRARB: FARVYACOFRACR WV. Htc S7T Yea ALR AY OR 

ee Pe TS Gea PE Rees +. CREE A A i ah. ie 379 
Fee HES FVD He EYL ye AT ITP T SAR ccc cc cece e cece eee e eee enes 


BRA (~RKRB) 

BRRK (HABA) 
Bila: Yeo 7 CBE MOAR ROMMEL BER I. Nitella inokasiraensis (fk3C)---- 211 
FESIE—E (> 38 LN) 
WMA]: ADA (Vy Yar) OBRERLFRACMICH Lt MOH Bo 


(BBO) ns PES = IK Ce tele eM 5 Fg acs 9 NOE RR OEE oO. 56 
ART: DORR OAR AME 1. MDA OA PERE (GED) cree cece eee eens 199 
ART: toPYROARFIME I, +P O AERO SMHMA LS SMEER 

EE BS AE TN RAE SAE Fol kD RPE NOES ERED EE ESE BONE Tg Hh 280 
ABET: + RR OARRAHOPE UW Fre <P HOME MPMM (HEBD) cree cece eee eee 349 
ABET: bo RRROARREIOIE WV. Fy <TR OMB EBC) coreteeeee sree 
AMRIET: BTC LAZAeKOMR? 1. 2 AVYOREIKKOR FAIRS GEIC) ---- 165 
Beas: 1:4-ve Fer7 b=) OFF ABUICRAS SRR TL. (Be) cere eee eee ees 436 
DEBRA: AMICI S phosphorylase (FHOMIE 1. RFLFAWHBORN MMIC IIS 

phosphorylase (fH (BER) sce e cece eet eee cent cence eee tence eee eee eee teen ees 297 
Zjynieze: Penicillium islandicum Sopp., NRRL 1036 O#¢#érhHIZ 3317S A KERRO 

Be od Pees hae ee HW ee OE Ss SP PEM ERIE: MAM E-- Ae 42 
Ajywnieze - HR IE: Penicillium isolondicum Sopp. OANA EIT IF 5 A RALO 

ts oan ee Gar GCL BO ts an eee tae ee ener ere. cop eee ry cs. 463 


ARP S288 (> tice REP) 
AA ARR: SHR RAE PICIIT SR 4 ay OE IMEI LTE LORD OWS 


(650 Ee 361 
AMR . BREASF: UY7TVeEba cist SHMAOARMEEES GOUDOUUUAD OO UUUA MED ace 259 
FRA -BB: vy MHAR CO YAR (TL) (BEBO) vec ec ete eee ee eee eee ee eee eee eee eee ee ee 395 
BMA A: HE Aft: FESeIE—BB: 8 ANY a YW TERIO ERICA DNS BiB Ri 20 

Way Go slecsi cio svertie tne oho ae elelelalnlavcleieisis)\s)* > etnies shea '+ eisishey™ = ifs) inh ose elle qed nck eing Nat aMSy nue lavelaynuni syncs in ct otale.» 375 
WE Ye UPR BIUPEB: 770% 0 Ba, Bikes LOWA(LO SHWE 

1 a 6 oe 118 
AAW SF (> HULSE) 

W\hK Bh: AYR OERKAR WEBB OD 7 7 7 VIC OUT (BEM) crete teen eee eens 298 


pK Bh: HED RAR WORE DAE REIT OUT (GERD) creer eee eee errr eens viheas B34 


vi fh FM ak oS 74 


INURE RY EY VAP SYP YAP RORBRICOWT (AVI TSHRODERE MME 


13) (SER) é siw eletetecelatels ee «0 60-6 a.0/e's ols e/slelena'e 6's 9/06 00's 01¥i80)9\\ 8, 0 9101/8: mib1 6) #10) 16iei© = eel) SaSim bees ae aaa 321 
FSUAES (> Fa HEFT) 
HEALER : HOHE CB LISTWREEOVMS (FEAL) ov 6)0l w/e eelevere:ellsl so: 0) offs) o etel'sie'el s/s! o/aieiiel(etNtayay ore 70 
PEAAPES: HUMBER IC IS1d SIE OFERIC OVS COMPTAIIIE (BEBO) vee ee eesti ete eae 


HM (- RAD) 
fEMRAIT (>HRIK %) 


Beste HORSE: Fa —VySOQZRBOTY RY THY ICOUT GEM) seer eRe 186 
FO OAT (RUN) 
KAFLEL: «~~ A PRFIR OURO BIE (HEA) cece erect ence teense ene eens neta cede t nen enes 19 
SORBK: PY OMEVEITIIT SKA ORME coors trees ester ee eee eee ce rec eceees 30 
SORIBK + CASE: IKBERSER POD EL WAH (GEIL) cee ee ee eee eee eee ree ee eee 51 
BOISE: IKE FR OUET © BANSHEE ccc cee eee ee ee ee eee eee eens 138 
SORBA: Wok Opals k OMIT Ist S KAA OVEEF OB BAA serres cess sees 254 
BOOKIE: PROS FEHNIT FSU SB IRAE TAINO DARL ABR cece recente eee eee eee eee eee e es 317 
SORE: WHEAT & WHBR OBI RICO CORFE (BEB) veer eee e creer eee eeeees 
BR BH: 7EMOARREAOIE EL UCHR LISTMBTROWR coc teste ee eee ees 142 
RA MW: ck Fa = 7 OHODWsaMalewS Aneusomaty GEA) s++- +s e eee sees 
RM: =Yi VY OFORMICMTSARFHRE lL STREAKS ENS H 

pF (BEBE) cee een ence ce ncew en erchesewennd eee at owen besws eee be genere sent ot Nus 291 
yep EY AFRO ALM OTL RESZE NS + MUA ASDRFE Te cee eee ee eee ee eee eee eee ee 
EFFEC ME (> TE tA) 
SE OE: BOA AY PHICKL DUBARNSTZF s FEF AOAPAICOW YT (HEM) weer eee 


SE HH: Chlamydomonas moewusii var. rotunda ORSATHES C33 KISS Heese ES 
AYO HE m6\0 210m secede eb embled sige c cb oWblbia Waid fe Ubde cis His ble wihielb wih Mlb Wis ais Wie US eran’ 0 Sivire 


SFB: Bri Spirillum putridiconchyliwum (COUT (GER) cree cree cece sees ee eee cesses 79 
Sele BH: Spirilum =H IT OV>T (5) 220 
BABE: BRAHOAADRROMHICBITST ABVEYRBEARORE GEM) veccteeeee 28 
PRRVE > MO PRL ITs KIS THROM (FEAL) cece cece ee eee eee eee ee ee ee enews ee eees 60 
HR: 7-7APRRAORBANS XVIL HD LAE 7 ICIS RBM AO 

BEE RE (SEE). 9) «cases ovtnsse, cca encacec mies aiecesii ss mes roy i cutee on orci 2 oF aban apes i aa eer tne a 1 
ilar: 7-7 ARMORED S XVI. PROCS SRRICEA SRVABROR 

By (FEAL) 6 Sseeice of Ge WHS 6 Gk ce BE NOs HEY se Se ev nie ae... SEERA MERA CY MER a ae cS 161 


PREF: 7F—-7APRRAOKANS XIX. zFeP7WOHICAMMOMMARAMET 
E (BEA) oeeccrosnsinm ne 6] ewe ot ho REM M Mele» (15 BE as de Os tw ie he os Cowbe E.. NESE 
HRIEBe (> 4ayiE) 


PRS AIRG: 7 WAY WE DIF OR ORBRAB RE (BAL) cece ccc cece weceecenedeeceeueeweee 104 
PRE-K! MROARL ORL ICI KISH 2,4-D OVB (HA) cee eeeecsesvecesseeseeeeen 109 
TGA WETT > SOPRECKES: WORF OF OSE WL 4 Pear LONY KAY (BA)... 91 
PEK BA ¢ PERE Y 1 SOP EF IRR, co ee eee eres eee Ween eee ee es eubeweeues 195 


SIR (> SAK HR) 

BABA + SRRA + PIAIES: iYHEOA RES - ARES HO ARHT I. fh 2 OMAOHKORL 
COVEF DT OEE CEMLYS 09 ree 8 od VE MN ee ER OM NA RRA. RG 386 

A fh =v FY OEO 1LKIRKERICHIS 4 vv FHL DT AFYO wf RA , 


(BERL) crevice dioiereieisrerwern od ih allen eb Wee ee Aviat oe de vb od J60S 0a ty od oe Ce 110 
BNLBE (>in yi) 
Baa MRS SPOS SRO VEIT BPO ve cree eke dew ce dcedeecue’s deewes 303 
it IER: = =~ OPA HEFL RIT BASS BRIE + MER (BEAL) eee cece eee eee ev eveveweseeened 402 
ICA SAF + SHAG: X HAA T ORB IS LOMO A HPF FICO veer eee 369 
MET: ERROR SAAT ORURBIR GH) X 2 21 7 OMRBOS <0 449 
APRS: zeae AT 7 Dis, BICAK av 2 aaa tousc SIRI a. ee - Ses 
KA: FRE MEEIC LS HO BA O Bee 


KASH? ZELDA Y 2 DY ORE 


hi ® = HERR Bh 74 vii 


eG TE + AIRES AA TY At PHRF ORES SLE OREORBICONC 
(EME). ©6005 600005996 CBD EO AEG OM HT IO Ere CIR ERC RCo ne cn 414 
BREE TE (> JIE HE) 
RIPIE— (9h BRR) 
WEARS (> RN HX) 
BEER Tk ERAT: OMAN MRR (G1) RY VY Y Yes HHH LRRERO 
iulisade OSte hese: (G0) 6 onc ch eotn COCR EOE Or OE oc0.c 00. odo Car ako tots AOL Ane ner 178 
VENKATARAMAN, G.S. (MEHTA, S.C.) 


Yh TAR + ROPES YAR a Y OBATE + PALEMIAROM ARH ICisit SERROWE GEM) -- 357 


MIA: Ft ABH WORERDPIE I. bebe 4 RRAKA OHA FHMITOWT cove reer 34 
MEHTA, S.C., and VENKATARAMAN, G.S.: 74 YY OAs OP MHEYE (FEAL) eee eee 248 
ME th: 7A ORF O MRIs L OFFIC SU AV YY OWE (GEM) verre eee 241 


PIAIE= (- ARR) 
PIE F: bo wA7YORAMMICHS Soe 1. BKICLSRPORRLA lL BLU 


UNOS GSS que aelies sae ear 2 €:25'@ Oe DOO OSE ORO ae OC onem a) ann dood omer ooo 122 
PIP &: YA AFYORAMMICMS SHE T, MRREAIC ES RPPOBSR GEM scree 
MAS. KIT E SA OMM AICO GEM) oo eee cece e seer er eewendacereseweneres 273 


BR BK (> JINR HE) 
VEXSIEARBR: ROEM OFF ICBS SPE I, TEM ts LORD AE & FEEL OBR (GE) -- 131 
Mase: ARABIC ISIS SARE SRO MICowc 1. WIPO & RCI (EI) «+ 236 


ez OR 
BH Fel ESE WUBtv TZ We rvs CL, X) Ble lole iets. eqeyateltetnits: <iefsiataierels aia te ecepaGein, ofa eile; efereslefts tens. atetn:.aie 198 


HOST + s+ tee + VASES <7 AA FORO MIA ICT SA — FY YOR 
eee ait Gl 5 


SAK $s PRB WF RFORP AY 37 AOPERET 2 7 PBITOW Cee eee eee 313 
KUE 46: WAmMRRITBI SL NVU UY Ag PAY FOR cette ect t tee e cece ences 424 
Mm OR 

to. AW A: Eremonotus BO BAIS FE SOsioo Soares ots todd au ande 266 
WLM A: VY 1 RT D= FAIRE BL OF ITOVY CT (BEB) cr eee eee ee 48 
SAMPATH, S.: 7 BODES WA Fee Mowatt re te olin ohia'/a) byiovies 6 (eh veataseraireveceral sila) wrote ote yenecber vei tote eacaisrera see 269 
ESAUVE: FETHOZ BAZ 4 VITOVY CORB: reece eee eee e eee e ences 310 
ize PE: ARO EP DORR cece cece eee eee eee eee eee etn e eee eee e eens 267 
Fy GR eee eee eee n eee e eect e eee eee e eens e nese eee e eee er eset sees 86, 315, 427 
= ay NT Meteo Areas seach e elin arn alts oie, e13 aliolay seu sito o Sones vate ons Perea ose etal auaueh arene Sietsveioge (or efeter nie plsrs 86, 426 


sete eae ee 


‘ F >| ’ 2 y iy i ey 
THAM 2.0 ae é 
.- 


ae 


TANYAY. bas...) 2 


oF Nee), pe : 
, | & ieccl eI aa 
a iO r 9 Ng ibe ’ Hy bike S tisk et tase ey 7 


“* wie aaa 
, . Cs > A 1 J 24° 8 2 a anne 

‘ : a tite wih hab 1. AEG f° me) 4," ‘ ea. ‘a yee +t i+ 
—T eo ee {eds on git Ogee we bhhie we ne rte ohn ous : TRR).Y Ae 
see ; er ae ke! ee S47 VEL hea + & ¢ ‘. et “TR a , ‘ 
ra bP Pia” Spee R29 21 JO Pee £4 A XV : 3 tye eee jas 7 
; a ae j , - 4 L A 7) _—— i. oe a 


ome @peewa 


Peta an cS oe eee ee 


EMP Gree ede ths eas w es aw om d wits wie as 6 


SN Lee ae ee ee 


Cuatenes see (SVedesendwatuyeytan 
i é - a 4 ? 
baie . a ey, n° OF: on oe Ch% > évve2eu ts ab. + Oy J, eee b Oye Vay ees Ser 
* + ae . 
L. "i ‘ay. 17 4 *, i <4 a = «i! wee aad 
"7° me " = ey on ne | P 4 i * ef 


fe Sify 
ie: ore * ‘ 1072) Oy ae fiat 
Ti. io ». : 
 @ine- ‘4 


——_ 


, Ow ae son es arate noma 
he -~ Z , ow, i. 


HA ti BW 4 Se All 


(ABA 35 411A 3 APE) 


Hl AAWAAMMFSL V5. 

B2G KAVWEWZOPELBREIIDY, b 
bt CHA BEAVOLE LAX HT Oe AW 
aan Bray 

BIE KAVWMAOBMe Bt Sew Hip 
Mie] COIDOWMBO TA, KS + BR 
B+ MBS COME, Coad WEL Mb 
SB Aire}. 

BIR KRAOSBILKOSMETS: 
HBRAR + RASA PHAR HES 

A - BBSa 

HOG WHAARLILMEOSRE MOS40¥% 
Wo, MASA LIIMEORASRS MOE 
Dz}. 

HOR HAIASALIshR ARO SACHOT 
ABH LCOS CALWDHOH ORE, MH 
EBA A LILASICRAORV SBA, Et 
BBEALIMEMFICH LUCWHOUBSUSL 
LEG WIOnhbHtRAS CHL ARDEA 
CHE LAB SNRBEW 5. (AL Pie E ie 
VBEIL, HL HAD KRHERD STL MDH 
S. EnbOSRRSBReBreu. 

Al’ AACIILMARMLES, ABR TH 
POMARMICRTSELOLFS. whic 


DVYCOPMEVL BIC SB. 

A&E ASCILKORACE<: 

BR1G%- BSR 1A BH BH + RF 
BA BH: mMREA BFE 

BIS RAWUAAOPPDEML, fEMA2H 
4EL>S. (ALHFETS OLACHS. Bihic 
VY TORLEVL AIC RUT B. 

HK BRIIABOLALTAS PERILS 
RVI CHBX METS. BIE - SEt 
- iE + MBSR UL AMHOSRBY GZS. 

HA HRARHRARLRRT 6. HRAS 
EROKMOME CKAORBL BRL, & 
RREANADERRHES. 

P12 MRABAIMRBAALHLT S. HF 
RILTCORL SD. MRAAS ix Mp FH 
zl Ofc UCO—-WOBRELAS. 

B13 ABO AEE IL1 Ace YD 124 
KS. 

Hli44 ASVRAL CHE LARA HX, 
BEL GRLBRT S. BARN MELB 
TBE ICUS WBA CL DSC S. 

BIA KAUWMAOHKAL HS HHEREL 
Tif. KAWILKASSRE ORD BFAD 

(Bins < ) 


me i Seapeene, sem. wales, . 6 Be te ee 
Aa yas s. Has file sey 
kK COG) LOCHBORRS 
7 > = m5 ee és 
Bhi OTE WS RE ee mane eS a Seite We FetECRAS CH ET. 
By BH Fe 
(AT FEHB) 
128 WO | 
= 3 i 
eT ae oe | 5 ae icewvapl ie Aisle 


Sow, SH (F1200F) FMR CE 20009) OW, COKDAAOCHMOS CHIE: 

RRA KRRAF ESE SASA AAMMFS CT. 

thpbSsBonAnteers OLR 11190 Fe AASNAOARELHACH. teeiks CHA 
DIBA ICA eS LEP ERA DHSS LDSF. 


FoR ORALE< CLEMCES. KASRIILA 
EAH L, FORBADE ARKAARA KB 
<a 

16% SAAC LD CHIRS LMBHICS 
ML, CHEM) ORL, Kk RADA 
OMBLMESTAZCLMCKXS. Ekta 
C Hip FME| ORLA 4. 

M1I7~ SADBALLILTFSLS, FOr 
LRAKACHM LEH. BLAK 


Ags 1S 


Mle WHeARBOSRIXE 1200 Atv 400F) 
ArT SCLESOCES. KFARIT 20,000 
PILES. 

c Ol DPRVHERS AICI DO HAD FREED KE 


fy Res 2 


SLR HMB it RR ee UC5S0OBZWEOSE 
Dd>SwACES, Abe - RAE - BOR + Abe 
FAYED + THR ROR LWO8 ETS. 

B26 AAMEEMORMICA SOU MACH 
aM, BCL) thor Bia ATs cL ECE 


A AE 3 


Hl1A FRUISABORMCEHSHS. £0 
Mee ARLE HORA Y HET Soe DS 
CES. 

B25 ARAL AIC MMAR LOCH 
HiSiS. COP ALEKRMRE2ZBLL, & 
AR 23100 Bw Mr SRB Cit 50 B¥ECCL 


HB Ti 3 is 


A DB HR 


DUM Dd BL X (LE OPEB Md Fe Aust 
fePicv.. (1 LBICMOCARI IC NeK 
Siew. HMAAMARE HM Lik Fh BS 
CHAO AISI L, 1 AED bMALEe 
SITRATSCEMHS. 
S184 AS OSA elk HAART SIC 
S¥ECILGHBACOHEHRL, HIHAAO 
37O2YNEOMRRE ERI biel. 


BH (BHI 5 ABA) 


Bre AGEs 4. 
246 PRAMEEALVIO RAREEHAR 
RELICW. 


(ARIA 7 ABI) 


B. 
BIR KMMCIRMRLE<. MB MBL 
KET SD. 

BAL ZOMRPOMELSEMBCLIECRIS. 


(BAUS 9 ABIL) 


ML Beis. MRA lex 3M ANS 
CLICHE EV. HBARE LORRI FR 
BeRHET SLACK. 
3K HM + PH + MERA IL THEAR 
DMKIBT B- 


~@ 920 Rm 


KBPUME Te EOWA TS MICK BALHMUCIAY. EMO CHLMOLISO CH fe 


Is EDSUBAA SAVEA HIE & ¥ SHI SHB, 


CHA CA RPL BEBO AAS (HF HE 


LWIA BRMCASHTH IWS LeHOTW EF. 


dE i a AB 
m dat xX Bp 
BA 


RR PAYAL as AE MT 
dt 
BB 


ALWETEAE 8 APES TA AAS eR 
Mai eT WAS REAM A yee 

a BYE ARF SCRE AD Ae pF Bas 

BB Ne SRAX RSP DLAE 

® “HRT RRE AeA a yee 
BS Mab ARRACAII FAAS eRe 

a AGREE KAS ERS 

BD RATING AUN ARS ees 


Bot. Mag. Tokyo, 74: 1-5 (January 25, 1961) 


Developmental Mechanics of Fucaceous Algae XVII. Differential 
Destruction of the Cortical Layer of Cytoplasm in 
Ultracentrifuged Coccophora Eggs 


by Singo NAKAZAWA* 
Received May 14, 1960 


In some fucoids such as Fucus serratus‘), Coccophora Langsdor fii?-*), Sargassum 
confusum’®) and S. tortile®), their developmental axis cannot be determined even if 
the intracellular materials of the egg are stratified by means of centrifuging. This 
indicates that the factor which controls the polarity of these fucoid eggs is not the 
arrangement of the internal protoplasmic components but it consists in a certain dif- 
ferentiation of the cortical layer of the cytoplasm or of the plasma membrane which 
is immovable by centrifuging. A similar idea has been presented for the polarity of 
animal eggs by many authors*). On fucoid eggs, it was suggested by Nakazawa?) 
and was advocated by Biinning’®) and Jaffe'?). However, it is still questionable whether 
or not the cortical layer including the plasma membrane is absolutely immovable by 
the centrifugal force. Herein, the present experiment was undertaken. It also aims 
at confirming what are the kinds of strata brought about by centrifuging, because it 
has not always been ascertained yet so far as in Coccophora eggs. 


Material and Method 


Coccophora Langsdorfii was collected in Asamushi, Aomori Prefecture, and was 
cultured in glass vessels with filtered sea water. After egg liberation, the eggs were 
fertilized artificially. Just after fertilization, the eggs were ultracentrifuged at 25,000 
times gravity for five minutes by use of an air-turbine centrifuge. The stratification 
was inspected by use of a microscope. The normal and the centrifuged eggs were 
immersed in hypotonic sea water at various concentrations for observing the plas- 
moptysis pattern. They were also immersed in starfish toxin dissolved in normal 
sea water at a variety of concentrations in the expectation that differential destruction 
of the cortical layer of the cytoplasm would take place under the effect of the toxin 
as was preliminarily reported before’?). The toxic substance was obtained by ex- 
traction from the stomach of Asterias amurensis collected in Asamushi as follows: 
(1) the stomach was homogenized, (2) to which was added five to ten times in volume 
of pure methanol, (3) left for 24 hours for extraction, (4) filtered, (5) the filtrate was 
distilled, (6) the remnants were dried over a water bath and were preserved in a 
desiccator at room temperature. In the experiment, the toxin thus obtained was dis- 
solved in normal sea water. The solution was of pH 7.4 at 10-* in concentration, pH 
7.5 at 5x10-+, and pH 8.2 at or below 10-* which was equal to the pH of normal sea 
water. Therefore, the effect of starfish toxin cannot be attributed to the change in 
pH of the sea water. 


* Biology Department, Yamagata University, Yamagata, Japan. 
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Results with Discussion 


The intracellular materials were clearly stratified at least into five layers. At 
the centripetal end, the so-called oil cap appears displaying yellow color. The oil 
cap is liable to be thrown out of the egg cell by centrifugal force into the space in- 
tervening between the egg cell and the surrounding coat of mucilage (Fig. 1B). Next 
to this, there comes a transparent layer which was presumed by Levring") to be 
composed of water. The third layer is composed of brown plastids and the 
nucleus. The fourth is a colorless layer presumed to be consisting of hyaline cyto- 
plasm. In the fresh material, the fourth layer appears to be extending to the cen- 
trifugal end. Immersed in distilled water, the fifth layer becomes distinguishable 
from the fourth exhibiting dark grey granules occupying the centrifugal half of the 
egg cell (Fig. 1C). 


we esti 
SOR OAOT 


Fig. 1. A) normal egg of Coccophora just after fertilization, B 
darkening of the layer of granules with distilled water, D) destruction of the membrane in a 


subcentripetal zone affected by starfish toxin. a. oi 
‘ - a, oil cap; b, free wate : i 
nucleus layer; d, hyaline cytoplasm layer; e, granule layer, whe Pinatis. gtd 


) the same centrifuged, C) 
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When the normal egg is immersed in distilled water or in hypotonic sea water, 
the cell is expanded by absorbing water and plasmoptysis occurs within ten minutes 
or so. On this occasion, the site where the plasma membrane is ruptured is not 
definite. The relation between the occurrence of plasmoptysis and sea water con- 
centration is indicated in Table 1. Prior to the occurrence of the plasmoptysis, a 
number of dark grey granules appear in the subcortical part of the cytoplasm and 
then a part of the plasma membrane is suddenly ruptured, and the dark granules 
jet out of the cell with other elements of the cytoplasm. But, when the centrifuged 
egg is immersed in distilled water, the site of plasmoptysis appears usually in the 
centrifugal half where the dark granules are stratified. 

When the normal egg is placed in the solution of the starfish toxin at a suitable 
concentration, the plasma membrane is destroyed. The relation between the concent- 
ration of the toxin and the destruction is shown in Table 2. In the egg before or 


Table 1. Occurrence (+), non-occurrence (—), Table 2. Destruction (+), non-destruction (—), 
and the intermediate occurrence (+) of and the intermediate (+) of the plasma 
plasmoptysis at various concentrations membrane at various concentrations 

of sea water. of the starfish toxin. 
Sea water concentration % Plasmoptysis Concentration Destruction 
100 = 10-8 sk 
60 = 5x10-4 ae 
50 ae 10-4 + 
30 = Do 10S ruse 
20 + 10-5 — 


Distilled water fe Control _ 


just after fertilization, the destruction appears uniformly all over the cell and the 
cytoplasm is scattered. But in the egg which was transformed to an ovate form i.e. 
after differentiation of the rhizoid pole, it tends to take place at or near the rhizoid 
pole. When the centrifuged egg is immersed in the toxin solution, the destruction 
occurs always in a subcentripetal zone covering the fourth layer, that is, at the part 
a little centrifugal from the plastid layer with the result that the centripetal three 
layers including the plastids and nucleus are separated from the rest. 

Centrifugation reveals that the protoplasm of Coccophora eggs is composed of 
mainly six kinds of materials: oil drops, free water, plastids, nucleus, hyaline cyto- 
plasm, and granules darkened with hydration. The last granules are equal to those 
formerly described as stainable with Bismarck brown Y°*). Distinction of the layer 
of hyaline cytoplasm from the granules is a new information confirmed by the 
present experiments. It is noteworthy that both plasmoptysis and destruction of the 
cortical layer of cytoplasm including the plasma membrane take place differentially 
in the centrifuged egg, though these occur uniformly in the normal egg. This in- 
dicates that the centrifuging brought about a certain polar differentiation in the nature 
of the cortical layer. Prior to the occurrence of plasmoptysis in the centrifuged egg, 
the most centrifugal layer is darkened by distilled water, and this darkening usually 
appears first at or near the centrifugal end, then spreads towards the centripetal side. 
Therefore, it seems that water permeability is highest in the centrifugal part. The 
darkening is attributed to the change in color by hydration of granules stratified 
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centrifugally. Therefore, the darkening never spreads to the hyaline stratum. In 
normal eggs, the same granules are found in subcortical zones of the endoplasm. 
The destruction. of the plasma membrane by the starfish toxin occurs uniformly in 
the normal egg as was reported by Nakazawa’). But, in the centrifuged egg, it 
occurs selectively on the part corresponding to the layer of the hyaline cytoplasm, 
and the more centripetal part of the egg is separated from the rest (Fig. 1D). On 
this occasion, at first each layer stratified does not seem to be destroyed, Therefore, 
the destruction seems to be restricted at least primarily to the cortex of cytoplasm. 
Afterwards, however, all the ingredients of the protoplasm is destroyed so that they 
collapse and scatter. 

Thus, the ultracentrifuging results in the differentiation of the plasma membrane, 
or the cortical layer of cytoplasm, at least into two different zones. One is the ap- 
pearance of the zone characterized by the highest permeability to water at the centri- 
fugal end. The other is the determination of a subcentripetal zone which is especially 
susceptible to the starfish toxin. Nevertheless, it is certain that even the same or 
the stronger centrifuging is ineffective upon the determination of the polarity axis*-*). 
This strongly implies that though the polarity axis is presumed to be determined 
fundamentally by a differentiation of the plasma membrane or the cortical layer, it 
must be differentiation of another kind not like those brought about in the present 
experiments of ultracentrifuging. As to the polarity determination by centrifuging 
in Cystoseira) and in Fucus®.”), no remark is permitted from the present experiments. 


Summary 


Eggs of Coccophora Langsdorfii was ultracentrifuged just after fertilization at 
25,000 times gravity for five minutes. As a result, the following was discovered. 

(1) The intracellular materials are stratified into at least five layers. Arranged in 
order from the centripetal end, they are: the oil cap, the transparent layer of free 
water, the plastids and nucleus layer, the hyaline cytoplasm layer, and the granules 
layer. 

(2) When the centrifuged egg is immersed in distilled water, or in hypotonic 
sea water below 30 per cent in concentration, the granules stratified in the centrifugal 
zone are darkened in color and the darkening begins at or near the centrifugal end 
and then spreads towards the centripetal side, then the plasmoptysis occurs in the 
centrifugal half. This indicates that the water permeability is highest at the 
centrifugal end. 

(3) When the centrifuged egg is immersed in the solution of the starfish toxin 
at or over 10“ in concentration, the plasma membrane is destroyed in the subcen- 
tripetal zone surrounding the layer of hyaline cytoplasm. This indicates that a 
certain differentiation in susceptibility to starfish toxin has taken place in the plasma 
membrane or the cortical layer with the centrifugation. That is, the cortical layer 


including the plasma membrane is also movable by centrifuging, though the move- 
ment is invalid in determining the polarity axis. 


The writer expresses his cordial thanks to the late Prof. Eishiro Sawano for his 
preparation of the starfish toxin. 
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On the Spatial Difference of the Primary Production in the 


Lake and its Relation to Environmental Factors 


by Shun-ei ICHIMURA* 
Received June 10, 1960 


Regarding the horizontal distribution of phytoplankton in the lake, the noticeable 
information has been provided by many investigators. The features of the horizontal 
distribution should be formed by the interplay of the physical actions, such as wind, 
in- and outflowing streams and contour shape of lake basin, and the spatial difference in 
growth rate of phytoplankton in the lake. However, so far almost all of the illus- 
trations for the causes which determine the horizontal distribution have been made 
only through the physical actions and they have slightly been touched from the ecolog- 
ical viewpoint. 

The spatial difference of the productivity must precisely be examined in relation 
to the study of the primary production in the lake, but the data in this field are still 
inadequate as to Japanese lakes. 

Concerning the above subjects, therefore, the present study has been carried out 
in several lakes with different morphometries, and the features of the horizontal dis- 
tribution of phytoplankton were pursued on the basis of the dry matter production. 


Types of horizontal distribution of phytoplankton in the lake 


The standing crop of phytoplankton was measured in chlorophyll amount. Fig. 1 
shows the representative features in the distribution of chlorophyll in a vertical sec- 
tion from the top to the end of lakes and the spatial difference in the mean value of 
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Fig. 1. Distribution of chlorophyll in lakes. 


* Botanical Institute, Faculty of Science, Tokyo University of Education, Otsuka Tokyo 
Japan. 
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the chlorophyll amount in euphotic layer. The patterns of the horizontal and vertical 
distributions differed from one another according to the contour shapes of lakes and 
they were classified into three types, the uniform, regular and irregular ones. 

The uniform distribution type is found usually in the oval-shaped lakes with 
simple shore line and uniform depth such as Lake Suwa (Nagano Prefecture), in which 
the effect of the inflowing water is insignificant. The phytoplankters in these lakes 
scatter homogeneously in all part of the lake. 

The regular distribution type is common to the slender lakes such as Lake Kita- 
ura (Ibaraki Prefecture) with simple shore line. As for this type, the standing crop 
measured in the upper region, especially in the area surrounding the mouth of the 
inflow, is relatively small in comparison with the middle part, where the standing 
crop is generally higher, but it decreases successively from the halfway region t 
the lower end of the lake. 

The irregular distribution is obtained in the lakes with a complicated shore line 
and also in the reservoirs, in which some part of the water is exchanged continuous- 
ly through the inflow and discharge. In this pattern, the standing crop of phyto- 
plankton is more abundant in the lentic environments than in that of the lotic en- 
vironments. But the irregular distribution pattern is only of conditional character. 


Spatial difference in productive structure of phytoplankton 
community in the lake 


According to recent theoretical analyses performed by some investigators!~*), the 
pattern of the vertical distribution of phytoplankton can be summarized as being the 
two general types following; the one is the homogeneous type and the other is the 
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Fig. 2. Productive structure of phy- 
teplankton communities. A: Stratum pro- 
ductive structure, Lake Yamanaka, Sept. 
12, 1951. B: L-shaped productive struc- 
ture, Aug. 25, 1951. C: Homogeneous 
productive structure. Lake Nakatsuna, 
July 14, 1953. 
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stratum one (cf. Fig. 2). The homogeneous type is usually established during the 
circulation period, while the stratum one, during the stagnation period. Among the 
stratum types, L-shaped pattern stratifies slightly in the euphotic layer but chlorophyll 
is extremely abundant in the destrophic layer, in which photosynthesis is normally 
not performed. This L-shaped pattern has usually been found in the deep lakes 
during the stagnation period. The foregoing two distribution types have been ascer- 
tained practically in situ’) and it has also been confirmed that these types appear 
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alternately in the course of the year in the lake. However, the productive structure 
differs spatially in one and the same lake. Such variation was observed remarkably 
during the stagnation period in the deep, slender lakes. As an illustration, the results 
obtained in Lake Kitaura are indicated in Fig. 3-A. The productive structure observed 
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Fig. 3. Spatial difference of productive structure of phytoplankton community in lakes. 


at the location near the top of the lake was of the homogeneous type and the same 
type could be found everywhere in the littoral regions. With the increasing distance 
from the mouth of the inflow, the homogeneous type transformed gradually into the 
stratiform type which was converted further into the L-shaped type at the middle of 
the lake. In the lower shallow region of the lake, the L-shaped type transferred again 
into the homogeneous one. 

In the shallow lake as well as in the round-shaped deep lake with uniform depth 
there is no spatial difference in the pattern of productive structure, but the struc- 
ture is usually represented by the homogeneous type in the former and by the 
stratiform one in the latter. Fig. 3-B and -C show the productive structures obtained 
from the various stations of Lakes Kasumigaura and Suwa. The areas of these lakes 
are large but the depths are rather small in proportion to the volumes of the lakes. 
The upper and lower regions of the lakes are 2-3 m. in depth, and the middle regions, 
6-7m. The productive structures in the slender Lake Kasumigaura were found to 
be the homogeneous type in both its upper and lower regions and the slightly strati- 
form one in the deep, middle region. In the round-shaped Lake Suwa, the productive 
structure indicated the homogeneous one at every place. The mode of the stratifica- 
tion may be determined by the morphometric difference of the basin. 


Spatial difference of photosynthetic activity of phytoplankton in the lake 


As reported in a previous paper®), the photosynthetic activity of phytoplankton 
in the ocean differed regionally but it was approximately the same in a restricted 
area. As compared with the area of the ocean, that of a lake is small in a scale, 
but here the photosynthetic activity of phytoplankton community differs place to place 
even within a lake. In a small lake, such activity difference is rather slight but it 
appears clearly in a large lake. Fig. 4 shows the photosynthesis-light curve obtained 
under the laboratory condition in the sample waters taken from the surface of three 
stations of Lake Kasumigaura. The photosynthesis was measured by the Winkler 
method. Sample A was taken at the upper region, sample B at the middle and sample 
C at the lower region, and the distance between the two stations is about 10 km. 
The Samples A and B were entirely the same in the light-photosynthesis reaction 
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Fig. 4. Photosynthesis-light curves meas- 
ured in sample waters from upper, middle 
and lower regions of Lake Kasumigaura on 
September 17, 1956. -@-: station A, -@-: 
station B, -©-: station C 


Photosynthesis O» mg./chl.mg_/hr. 
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as well as in the maximum rate, and were a little higher than that of sample C. 

The successive decrease in photosynthetic rate with the downward stream flow 
was measured more clearly during the stagnation period in long slender lakes with 
complex shore lines. For example, the photosynthetic rate measured in Lake Jonuma 
in September 11, 1957 was 14-17 CO: mg./chl.mg./hr. in the sample taken at the 
region near the mouth of inflow, but only 6-8 CO:mg./chl. mg./hr. at the lower 
region of the lake. As will be illustrated in the next chapter, these variations in 
photosynthetic rate are referred to the varying environmental conditions, especially 
nutrient gradient. 

As pointed out in a previous paper*), the photosynthesis pattern of natural phyto- 
plankton concerning light intensity varies with the difference of its habitat: the phyto- 
plankters in the surface layer are the sun form, and the samples in deep layer, the 
shade form. Such differentiation of photosynthesis pattern, however, was found only 
in the samples taken vertically from the stations with deep basins and no differentia- 
tion was observed in the samples from the shallow regions. Therefore, it can be 
deduced that the degree of the differentiation alters according to the difference of the 
depth at each region in a lake. 


Photosynthesis  Oymg./l./day 


Fig. 5. Depth-photosynthesis curves 
from stations 1, 2 and 3 in Lake 
Kasumigaura on September 23, 1957. 


Depth 


The features of the vertical change in the photosynthetic rate zm situ also varied 
with the difference of the stations. Fig. 5 indicates the depth-photosynthesis curves 
measured in situ at the said three stations in Lake Kasumigaura. The Secchi disc 
reading at that time was 1.7m. at station B, 0.7m. at station A, and 0.9m. at station 
C. The photosynthetic rate decreased rapidly with the increasing of the depth both 
at stations A and C, and the compensation depth was found at about 1.2-1.5m. The 
vertical change in the photosynthetic rate occurred more slowly at station B than at 
stations A and C, and the compensation depth was 2.5 m. 
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For these reasons, the unit areal production at the middle region may be surmised 
to be more large value than that obtained at the shallow regions of the upper and 
lower regions of the lake. The same phenomenon had also been observed by Ste- 
emann Nielsen’) in Lake Fure, Denmark. 


Factors determining horizontal distribution of phytoplankton in the lake 


Since the phytoplankters are scattered in the water, the horizontal distribution of 
phytoplankton may correspond mainly to the features of the water current and it may 
also result from the difference in the production rate of phytoplankton due to the 
spatial difference of the environmental conditions in the lake. 

Simple relationship between the horizontal distribution and the environmental 
factors can be found in a shallow lake with simple shore line and flat basin. The 
entire water in the shallow lake is agitated completely by the natural actions of 
wind and water current, thereby the environmental conditions in such a lake being 
continuously in a uniform state and the phytoplankton is scattered homogeneously all 
over the lake. Because of the uniform condition in the lake, the photosynthetic 
activity of the phytoplankton is equivalent everywhere and the spatial difference 
of the unit areal primary production is little worth considering, consequently the 
standing crop would always maintain the homogeneous distribution pattern. 

The uniform type was found also in a small, deep lake with round contour shape, 
n which the environmental conditions are horizontally the same. The circulation of 
he water in such lakes occurs only in the upper layer and it is relatively gentle, 
thereby the breakdown of the productive structure being slight and progressing slow- 
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Fig. 6. Seasonal change of productive structure of phyto- 
plankton community in Lake Nakanuma. 


ly. As is well seen in Fig. 6, under these conditions, the developmental process can 
clearly be observed in the productive structure which indicates an analogous structure 
constructed theoretically. 

The lakes, in which the phytoplankton distributes with regularity, resemble each 
other in their slender and deep forms. In such lakes, both upper and lower regions 
are usually shallow, while middle region is much more deeper than the former ones 
and the regions widely differ from each other in their aquatic environments: such as 
light, nutrient concentration, etc. In the shallow regions, the turbidity of water is 
very high and through which the penetrating light is usually absorbed rapidly by the 
water, while the rapidity of light extinction decreases in the middle region with deep 
water as the result of the low turbidity. On the other hand, the chlorophyll content 
in the shallow region is small in spite of the high turbidity. This may suggest that 
the ratio of the non-living matters to the phytoplankton in amount is much larger in 
the shallow region than in the deep region due to the rising of bottom mud induced 
by water stirring, the light penetrated into the water being reduced mainly by the 
non-living matters. As indicated in Fig. 7, the features of the vertical change in 
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photosynthetic rates, which are calculated for the said three stations in Lake Kasumi- 
gaura by means of combining the photosynthesis-light curve in Fig. 4 and the 
light-depth curve measured in situ, coincided fairly well with the results in Fig. 5. 
The gross primary production calculat- 
ed by the combination of the depth- 
photosynthsis curves in Fig. 7 and the 
chlorophyll amount in situ were 2.95 
O: g./m?/day at station A, 6.25 O: g./m?- 
day at station B and 2.47 O: g./m?/day 
at station C. Therefore, it seems rea- 
sonably certain that the unsuitable light 
condition in the shallow regions may 
contribute directly to the reduction of 
the organic matter production per unit 
surface area in the phytoplankton com- 
munity there. 0 50 100 0 50 100 0 50 100 

Another conceivable reason for the PORE MEDS oe 
small standing crop in the upper region 
may be referred to the effect of the 
inflowing water. Since the upper re- 
gion is replenished with the inflow stream, the phytoplankton growing there is diluted 
always with the inflowing water and a large part of the phytoplankton is carried away 
with the stream from that place to the halfway down region. Hence, the standing 
crop hardly reaches a maximum equilibrium level at the upper-stream region. 

In the middle region of moderate transparency, the light can extend to consider- 
able depth of the water and the compensation depth is much deeper than those both 
in the upper- and downstream regions. In addition to this suitable light condition, 
the nutrients in the water have not yet been exhausted in this region (see Fig. 8), 
thereby the photosynthetic activity of phytoplankton being also high. Besides the facts 
mentioned above, the velocity of the current is slow in the middle region where the 
amount of production surpasses the amount which has escaped from there to the down- 
stream region. Under these circumstances, the dry matter production in the middle 
region can be expected to give high yield as compared with that in the other regions. 
Because the wave action is rather weak in the middle region of the lake, the vertical 
shift of phytoplankton is minor and only the precipitation of phytoplankton progresses, 
and thereby the L-shaped structure can be formed at a region somewhat lower than the 
halfway down region. Simultaneously, the accumulation of nutrients proceeds in the 
middle region through the biological production and a large part of the nutrients ac- 
cumulated in phytoplankton cells is stored in deeper layer in the form of organic 
deposits, some of which undergo decomposition and consequently the bottom water 
is enriched. As a result of the accumulation of salts in the deeper layer of the 
middle region, the lower end of the down stream of the lake is conserved usually 
with the exhausted water, especially during the summer stagnation period. This 
phenomenon could be speculated clearly in deep, slender lakes. Fig. 8-A indicates 
the values of phosphate-P content both in the surface and bottom waters of Lake 
Kitaura at various stations in the summer stagnation period. The amount of 
phosphate-P decreased rapidly in the surface water with the gradual downward flow, 
while its value in the bottom water rather increased at the middle region. Accord- 
ing to the data measured in Lake Jonuma, the magnitude of the nutrient gradient 


Photosynthesis 02 mg/chl.mg/day 


Fig. 7. Vertical change in photosynthetic rate 
calculated from Fig. 4 and depth-light curve 
measured in situ in Lake Kasumigaura. 
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depends upon the lake contours and it is extremely great at the growing period. 
Since the nutrient elements of this lake were mostly exhausted at station 13: the 
effect of the enriched sewerage did not reach to the narrow, slender part (station 2) 
of the lake. As illustrated in Fig. 8-B, the highest value was obtained at the mouth 
of the inflow of the sewerage and the next 

A. Kitaura was measured at the middle part (stations 4 
and 5) and finally nutrients were scanty or 
practically of a negligible amount at the 
lower end of the lake, while the gradient 
was not distinct during the circulation 
period. Beside the gradient of nutrient con- 
centration, it is interesting to note that 
the feature of the distribution of the stand- 
ing crop and the difference of the photo- 
synthetic activity coincides very well with 
the nutrient gradient. Judging from the 
fact that the photosynthetic activity in the 
raw water increases with addition of nu- 
September 27, 1956 trients®), it can be deduced that the reduc- 
Ce Wear tion of primary production in lower region 
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The mosaic pattern in the horizontal 

M4 distribution of phytoplankton within a lake 

Fig. 8. Nutrient content in waters is resulted mainly from the partial difference 

of Lake Kitaura and Jonuma. in the flowage. As reported by Kojima’) 


and Stepanek ef¢ al.'°), the irregular distribu- 

tion is common in the reservoirs, where the water body is divided distinctly into two 
parts, one is the running water and the other is the dead water. In the former, the 
water is continuously renewed with the inflow and through which the standing crop of 
phytoplankton is diluted and moreover it is removed with the discharge. On the 
contrary, the phytoplankton in the dead water region increases successively within the 
same region. 


Summary 


Concerning the difference of the primary production in vertical and horizontal 
directions in the lake, the present researches were carried out in several lakes which 
differ from each other in their contours. The main factor determining the features 
of the distribution pattern was elucidated through the analysis of the interrelation- 
ship between the dry matter production by phytoplankton and the environmental 
conditions. 

1) As for the horizontal distribution of the phytoplankton, three types can be 
observed. The first is the uniform distribution that is Senne in the shallow lake 
The second is the regular one and observed in the slender lake with a simple oka 
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line, lacking in any large inflows and outflows. The third type is the irregular one 
and is obtained in the lake and reservoir with a complicated water current. 

2) The different productive structures are found in different parts of the lake. 
The homogeneous structure is found in the shallow region of the lake and the strati- 
fied one can be observed in the regions with deep water. 

3) The photosynthetic activities of phytoplankton differ spatially in a lake. 
Generally, the photosynthetic activities of phytoplankton sampled from the upper and 
middle regions of the lake are entirely the same, but that from the lower region 
shows usually low activity than those of the samples from the former two regions. 
Differentiation of phytoplankton to the sun and shade forms is observed in the region 
with deep basin, but not noticed in the shallow region. 

4) The spatial difference in the light and nutrient conditions in a lake has been 
confirmed as the factors determining the horizontal distribution. Unfavorable light 
condition of the shallow region, which is caused by high turbidity through the bottom 
mud shifting, reduces the photosynthesis of phytoplankton, and consequently the dry 
matter production. The light condition in the region with deep water is suitable 
for the production. 

5) Since the nutrients are exhausted at the upper and middle region of the lake, 
the lower region is replenished usually with the poor nutrient water. The nutrient 
gradient in the lake affects remarkably the spatial difference in the productivity of 
the slender lake with complex shore line. 


The author should like to express his sincere thanks to Prof. M. Monsi and Prof. 
K. Hogetsu for their invaluable advice and encouragement throughout this investiga- 
tion. 
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Photoperiodic Control of the Germination of Eragrostis Seeds 


by Sigeo IsIkKAWA*, Tadashi Fusi* and Yasutsugu YOKOHAMA* 


Received July 11, 1960 


In studies on seed germination under various conditions, it was found that seeds 
of several species germinated better under long daily light periods than under short 
ones!,?,,), 

The photoperiodic control of seed germination has been reported in a number of 
photoblastic seeds by Isikawa‘). Black and Wareing*) demonstrated the requirement 
of long photoperiods for high germination of Betula pubescens Ehr. seeds and its de- 
pendence on temperature. In addition they showed that the length of the daily dark 
period played a more determinative rdle than did the length of the light period in 
this photoperiodic response, as in the flowering responses in plants. 

Isikawa indicated that many of the “ Light-favored Seeds” were “Short Day Seeds” 
the germination of which was promoted in the presence of the dark period like the 
flowering of short-day plants‘). Black*) and Black and Wareing’) have investigated the 
responses in such a “short-day ” seeds, and demonstrated that the response is markedly 
photoperiodic, a high germination percentage being obtained under short days. A 
few further theoretical reports, however, have been written concerning the require- 
ment of promotive dark periods for germination. The present studies were under- 
taken to investigate the requirement for seed germination of the dark period corre- 
sponding to that in flowering of short-day plants. 


Material and Methods 


The work performed with Eragrostis ferruginea Beauv. which had been collected 
in Tokyo, October 6, 1959. 

As experimental germinating bed, 6.5cm. diameter Petri dish with about 10 m/. 
of 0.7-0.8% agar solution was used. On the solidified surface, a small amount of 
water was added, and 100 seeds were disseminated into each Petri dish. Each dish 
was wrapped in thick black paper immediately, and placed in an incubator, which was 
usually controlled within -+-1°. In all experiments, the seeds were maintained in 
darkness throughout, except during the periods of irradiation. 

Main light periods were generally supplied as cool white fluorescent light of about 
1500 lux. The red or blue radiation was given from cool white fluorescent lamps, 
through a filter of two layers of red or blue cellophane, respectively, and incandescent 
light filtered through water and red and blue cellophane was the source of far-red 
radiation. 

Temperature was always controlled at 30°. Two lots of 100 seeds were used for 


each treatment and the same experiment was repeated several times so as to make 
sure of the results. 


Results 


Preliminary experiments concerning the effects of light on germination indicated 


* Botanical Institute, Faculty of Science, Tokyo University of Education, Otsuka, Tokyo, 
Japan. 
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that seeds of Eragrostis ferruginea Beauv. exhibited low germination in continuous 
exposure to light, although light was obligatory for their germination. But, germina- 
tion was high even under a long light period if the seeds were given favorable lengths 
of dark period immediately after soaking (Table 1). 


Table 1. Effects on germination of various lengths of darkness immediately 
after soaking. Light was given for 72 hrs. after dark period, 
till germination percentages were counted. 


Lengths of darkness | 


chr.) | 0 6 12 18 24 36 48 72 
we Mee tial . i ty by the-latter, 2s 
| 
Hie 24 27 49 60 72 70.5 55.5 12.0 


This experiment indicated that the length of the dark period was probably the 
critical factor for germination, as it was in most photoperiodic phenomena. 

To observe the optimum length of this dark period, the seeds which had been 
soaked in water for various durations at 30° in the dark were exposed to light for 
various lengths (Fig. 1). The effect of irradiation increased rapidly during the first 
24 hrs. after the beginning of imbibition. And then the germination percentages 
decreased gradually with further increase of the dark imbibition time. These ex- 
perimental results showed that the dark period of 24 hrs. was necessary to obtain the 
highest germination and its effect might be compared with that of the dark period on 
the flowering of short-day plants. 
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Fig. 1. Light-sensitivity of seed, exposed Fig. 2. Effect on germination of a light- 
for 1, 6 and 12hrs. to 1500 lux. interruption of red for 1/6, or blue for 1/6 
hr. given at various times in the 24hr. dark 
period. 


A: Red light B: Blue light 


Flowering of short-day plants can be inhibited even under the favorable photo- 
periods, if the long dark period is interrupted with light. Germination of Eragrostis 
seeds was also inhibited when a brief light interruption was applied during the dark 
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period (Figs. 2 and 3). Namely, red for 1/6, blue for 1/6 or far-red for 1 hr. was 
given at various times in the dark period, and the subsequent light period of 12 hrs. 
was given after the 24hr. dark period. As shown in Fig. 2, the light-break with 
red or blue light was most effective when given at about the 9th hr. after the start 
of the dark period. It was observed, however, that the interruption with far-red light 
became more effective in the latter half of the dark period (Fig. 3). 
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Table 2. Effect of alternate exposures to red and far-red or to blue and 


eae nt. Germ. % Treatment Germ. % 
Rxae iy. | wo, fso0 Pm 42.0 
R—FR 57.0 B—FR— 50.5 
R—FR—R | 32.0 B—FR—B | 40.5 
R—FR—R—FR_ 56.0 B—FR—B—FR 52.0 


—FRS | 55.5 


In the next experiment, the dark period was interrupted with various lengths of 
irradiation when 8 hrs. elapsed from its start. The results are shown in Fig. 4. A 
light-break of only 10 minutes was effective in inhibiting the germination. However, 
these inhibitions were reversed by far-red irradiation given immediately after the red 
or blue light and the germination was controlled by the light last received (Table 2). 
In this experiment, red, blue and far-red lights were given for 1/6 hr., respectively. 

On the other hand, the inhibitive effect of far-red irradiation in the latter half of 
the 24-hr. dark period was not reversed by red or blue light. 

The present results clearly indicated that the germination of Eragrostis seeds was 


affected in a similar way to the flowering of short-day plants by the light-break given 
during the dark period. 


Discussion 


Many works have been reported concerning the light action on seed germination. 
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Various aspects of these problems were summarized in the recent review by Evenari*). 
A few workers, however, have discussed the requirement of dark period in the 
germination of seeds. 

The seeds of Evagrostis ferruginea Beauy. germinated in the presence of dark 
period immediately after soaking and subsequent light period. These results indicated 
that light was obligatory for the germination of Eragrostis seeds. The germination 
of Nemophila insignis seeds is promoted by short days and strongly inhibited under 
long days’). The response of Eragrostis seeds is also affected by the duration of both 
the light and the dark periods, but particularly by the latter, as postulated by Black 
and Wareing®) and Vaartaja’). 

Eragrostis seeds, once given an inductive photoperiodic treatment, may be induced 
to germinate. The optimum dark period was 24 hrs. and its effect corresponded to 
that on flowering of short-day plants. 

In the preliminary high-intensity-light period in photoperiodic response, it has been 
believed on the basis of the work of Liverman and Bonner*®) and others, that photo- 
synthesis provides substrates necessary for the consummation of the subsequent dark 
steps. It is noteworthy, however, that the dark process commence without preliminary 
light process in the germination of Eragrostis seeds. 

The dark process is different from the dark imbibition prior to irradiation in the 
light-sensitive seed, because the germination is inhibited if the inductive dark period 
is blocked with a short irradiation of red or blue light. Earlier workers reported that 
the seed of Phacelia tanacetifolia is inhibited by both blue and red lights'!.). And 
it was found that Nemophila seed is inhibited by blue light, but only slightly inhibited 
under the filters peaking at 542, 547, 596 and 651my. In Eragrostis seeds the light- 
break is most effective when given at about the 9th hr. after the dark period started. 

It has been observed that germination of Lactuca sativa var. Grand Rapids seeds 
was either promoted or inhibited in the blue region after the pigment system had been 
displaced to an extreme of potential inhibition or promotion of germination, respective- 
ly'*). It is noteworthy, however, that the light interruption with blue light is effective 
at the same part of the dark process as the red interruption is effective, although the 
effect is less in the former. 

The dark process is also blocked with a short irradiation with far-red energy, but 
its inhibitive effect appears in the latter half of the dark period. 

Responses of plant materials to irradiation indicate that germination and many 
other aspects of development are controlled by a reversible photoreaction'!..'*), in- 
volving two forms of a pigment, with action maxima near 6600A and 7350A. In 
Eragrostis seed, this photoreversible action is also observed in the first half of the 
dark period. But in the latter half, the inhibitive effect with far-red is not reversed 
by red or blue light. 

Moreover, Borthwick et al. were able to obtain only slight reversal of the promotive 
effect of red when the latter was followed by blue!*). In order to explain the promotive 
and inhibitory effects of blue light, Borthwick et al.'*) have postulated that the photo- 
receptors for the red and far-red responses must have absorptive regions in the blue 
which overlap. It is highly interesting that the germination of Eragrostis seeds is 
photoreversibly controlled by blue and far-red energies. These have suggested that 
new insights into the process of germination would be forthcoming from such studies. 


Summary 
1. Light is obligatory for the germination of Eragrostis seeds but the dark period 
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corresponding to that in flowering of short-day plants is required immediately after 
soaking. And the high-intensity-light process prior to the dark process is not observed. 
Germination is maximal under the dark period of 24 hrs. followed by light and 
decreases under continuous light irradiation. 

2. The germination-promoting effects of the long dark period are inhibited by 
brief interruptions with red, blue or far-red energy, such interruptions being most 
effective for red and blue at the 9th hr. after the start of the dark period, and for 
far-red energy in the latter half of the dark period. 

3. Repeated alternations of red and far-red radiant energies repeatedly result in 
red inhibition and far-red repromotion of germination in the first half of the dark 
period, but not in the latter half. 

4. Another important feature is the photocontrol of germination by a succession 
of alternate blue and far-red irradiations in the first half of the dark period. The 
germination is regulated by the light last received, being inhibited with blue energy 
and repromoted with far-red. 
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A Study on Respiration of Bean Seed Embryo 


by Masahiro SuGIURA* 
Received July 11, 1960 


A bean seed embryo is divided into two parts of metabolic as well as mor- 
phological differentiation, i.e., anabolic germ-axis and catabolic cotyledons. It has been 
suggested that this anabolic or catabolic nature of a given tissue of the embryo is deter- 
mined by energy-rich phosphate level which, in all likelihood, will be most closely con- 
nected with respiratory activity of the tissue concerned!.?). The previous works in 
our laboratory have shown that cytochromes a, b and c*) and a whole set of component 
dehydrogenases of Krebs-cycle system are present in germ-axis‘), and that, at least 
in the early stage of germination, cotyledon contains cytochromes a: and b, but no c, 
together with nitrate reductase which can function as a terminal oxidase*®*). Weak 
activity of cytochrome oxidase detected in cotyledon at the outset of germination 
grows up gradually with the age of the tissue*). It is of interest that this increase 
in oxidase activity is accompanied by the appearance of cytochrome c. Although 
cotyledon has relatively strong activity of alcohol and formic dehydrogenases, it con- 
tains no detectable activity of citric dehydrogenase‘) (see also a detailed discussion by 
Yamamoto*) on the anaerobic nature of cotyledonous formic dehydrogenase). These 
studies suggest that the germ-axis tissues are equipped with typical aerobic type of 
respiratory system and that in the early period of germination the cotyledon tissues 
have redox system more or less characteristic to the facultative anaerobes’). 

In the present study, the respiratory rates (Qo,) and the respiratory quotients 
(RQ) of germ-axes and of various portions of cotyledons isolated from soaked bean 
seeds were estimated. 

The endogenous carbohydrate respiration (RQ=1) of germ-axes and that of 
inner portion of cotyledons were also compared with respect to their sensitivity to 
several metabolic poisons. The findings reported below provide us with a further 
insight into the difference in respiratory machinery between the growing and the 
degenerating tissues of the germinating seeds. 


Materials and Methods 


Bean seeds. Seeds of Vigna sesquipedalis stored in a dark desiccator for about 
a year after harvest were used. Germ-axes or cotyledons were separated from the 
seeds presoaked in tap water for 6 hours at 30°. Cotyledon as a whole and inner 
part (ca. 2x4x6mm. block) were cut into slices approximately 0.8mm. (11-15 cells) 
thick with a cutting device made of razor blades (hereafter the former preparation is 
referred to as whole slices and the latter inner slices). The outermost part of 
cotyledon was peeled from which outer slices (ca. 0.3 (1-6 cells) x2x6mm.) were 
prepared. The intact germ-axes, intact cotyledons and three sorts of cotyledon slices 
thus obtained were rinsed repeatedly with distilled water, and blotted well with filter 
paper before use. 

Gas exchange. Gas exchange was investigated at 30° in the dark using conven- 
tional Warburg respirometers. Ten germ-axes, five to ten intact cotyledons or 200- 
500 mg. of the cotyledon slices were placed in the main room. One and a half or 
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2.0 ml. of a phosphate buffer (M/30, pH 6.0, unless otherwise stated) was pipetted into 
the main room of every respirometer which was then immediately immersed in a 
water bath at 30°. After a 15 min. period of temperature-equilibration manometric 
readings were started and continued over a period of 90-210 min. The direct pa 
was applied for the CO: estimation’). In the anaerobic experiments, air was TSP IAGR 
with argon by the procedure described by Umbreit et al.*) After the experiment fe) 
gas exchange was finished, the samples used were removed from the flasks, rinsed 
with distilled water and dried at 95-105° to constant weight to obtain dry weight. 
The Qo, and the Qco, were calculated on a dry weight basis. 

Application of poisons. One half m/. of poison solution dissolved in a phosphate 
buffer (M/30, pH 6.0) was tipped from the side arm into the main room 50 min. after 
the beginning of the reading and the effect of poison was examined for further 40 to 
160 min. In the control run, 0.5 m/. of the phosphate buffer was added in place of 
poison solution. In cyanide experiments, a KOH-KCN mixture as a CO: absorbent 
was used and 0.5m/. of aqueous KCN solution was added just before starting the 
measurement. In the control run, aqueous KCN solution was replaced with the same 
volume of distilled water. Oxygen uptake in the first 120 min. was determined. The 
pH of the medium (in this case M/15 phosphate buffer, pH 6.0, was used) was 
raised slightly by the addition of KCN solution. Sodium diethyldithiocarbamate (dieca) 
was examined at pH 7.0 considering its instability in acid solution’). For carbon 
monoxide experiment, cotyledons were cut into thinner slices (ca. 0.4mm. thick) and 
germ-axes (ca. 8mm. long) were also cut transversely into four pieces of ca. 2mm. 
length so as to enable oxygen to diffuse readily into the tissues placed under 5 vol. 
per cent oxygen. Gas phase of the control run contained 95 vol. per cent of argon 
and 5 vol. per cent of oxygen. Photoreversibility was examined by illuminating the 
bottom of the flasks with two 100 watt candescent lamps from 18cm. distance. 

Further details will be given in the legends of respective tables and figures. 


Table 1. Gas exchange of germ-axes and various parts of cotyledons. Warburg respiro- 
meters used. 10 germ-axes, 5-10 cotyledons, 300mg. whole slices, 250 mg. outer 
slices or 300 mg. inner slices per flask containing 2.0 ml. of M/30 phosphate 

buffer, pH 6.0. Air; 30°; in the dark. 


A B | C 


| | | | 3 argon | 
| Qo, | Qco, | RQ eis | fi 2 mah fat resp. | ash hhseond oe 
Germ.axes R7te +728 Ob TORop ig ie sers —  |7.0-6.3 | 0.90-0.60 
Intact cotyledons 0.52 0.42 | 0.81) 0 | 0.19 0.33 | 
Whole slices ete? | 0.62 | 0.89) 44 | 0.45 0.27 
Outer slices | 1.30 | 1.07 | 0.82] 53 | 0.53 0.77.71 | & 
Inner slices 0.44 0.42 0.96 54 0.37 0.07 -0.31-0.21  0.70-0.42 


A: The initial rates of gas exchange (ul./mg. dry weight/the first one hour) and the re- 
spiratory rise (% of the initial rates) at 3 hours (cf. Fig. 1). 
B: Compositions of the Qo, obtained theoretically. 


C: Anaerobic CO; production (yl./mg. dry weight/hour) and I/N ratios (Q667"/Qc0,) measured 
for the first and the second 1 hour. 


Results 


Gas exchange. The rates of O: uptake and CO; output of the tissue preparations 
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are shown in Table 1 (column A). The Qo, of germ-axes is seen to be much higher 
than that of every cotyledon preparation examined. In germ-axes, the rate of O» 
uptake remained constant for at least 3 hours, but the rate of CO: output, which was 
initially equal to the rate of O: uptake, rose suddenly at about 60 min., resulting in 
an increase of the RQ from ca. 1.0 to ca. 1.4 (Fig. 1-A). In the case of cotyledons, 
the rate of either O, uptake or CO: output of intact tissues was found to be kept 
constant for at least 3 hours, while that of slices, either whole, outer or inner slices, 
began to rise at about 100 min. until it was increased by about 50 per cent in 3 hours. 


Op UPTAKE AND CQp OUTPUT (jiL/mg.dry weight ) 
Op UPTAKE AND G09 OUTPUT (yl./mg.dry weight) 


° 100 200 ° 100 200 
TIME (min) TIME (min.) 


Fig. 1. Gas exchange of germ-axes (A) and inner slices of cotyledons (B). Solid circles, 
O, uptake; open circles, CO, output; triangles, anaerobic CO, output. See the legend of 
Table 1 for further explanation. 


In Fig. 1-B only the results obtained for inner slices are illustrated, since other slices 
yielded similar results. Noteworthy differences in respiration among three preparations 
of cotyledons are also indicated in Table 1 (column A). Oota et al.*) have suggested 
that the isolated bean cotyledons can utilize simultaneously two respiratory substrates, 
i.e., carbohydrate and fat. Standing on this view, the share taken by each of these 
two substrates in the cotyledon respiration was calculated from the data shown in 
Table 1 (column A), and the results are given in the same Table (column B). Thus 
it is clear that a higher respiratory rate obtained for whole slices than that obtained 
for intact cotyledons is attributed merely to an accelerated carbohydrate respiration 
due probably to slicing. It is striking that fat respiration was affected little by tissue 
slicing. Moreover, the Qo, of outer slices was about three times as high as that of 
inner slices and Table 1 (column B) shows that the former uses predominantly fat 
and the latter, like germ-axes, nearly exclusively carbohydrate as respiratory sub- 
strates. As expected, the Qo, and the R@ values of whole slices lie between those 
of outer and inner ones, respectively. 

Effects of sodium fluoride and monoiodoacetate. It was noticed above that of 
cotyledon preparations inner slices alone are nearly indistinguishable from germ-axes 
as to the quality of respiration as judged from their RQ values (RQ=1). Both are 
likely to respire carbohydrate. It will be of interest, therefore, to examine whether 
the respiration of germ-axes and that of inner slices of cotyledons are affected similarly 
or not by various respiratory poisons. 

The gas exchange of germ-axes was increasingly inhibited by 2.5x10-* M sodium 
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fluoride (NaF) (Fig. 2-A). The inhibition of O2 uptake came earlier than that of CO:z 
output did. The CO: output/time curve, however, became parallel with the Oz 
uptake/time curve (the RQ reached unity) about an hour after the addition of NaF, 
in other words, the extra CO2 production as observed in the control run or in the 


initial phase of NaF action perfectly disappeared. 


300 


200 


200) 


O2 UPTAKE AND COg OUTPUT (pl./iO0 germ axes) 
Op UPTAKE AND CO OUTPUT (pi:/300mg. inner slices) 


° 100 200 fe) 100 200 
TIME ( min.) TIME (min.) 


Fig. 2. Effect of NaF (2.5x10-2M) on gas exchange of germ-axes (A) and inner slices 
of cotyledons (B). Arrows indicate the addition of NaF. Solid circles, O2. uptake; open 
circles, CO, output; solid lines, no NaF; broken lines, 2.5x10-2M NaF. See the legend 
of Table 2 for further explanation. 
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fe) 

Op UPTAKE AND. COp OUTPUT (l./300mg. inner slices) 


Og UPTAKE AND COz OUTPUT (pI/IO germ axes ) 


fe) 100 200 % 100 200 
TIME (min) TIME ( min.) , 

Fig. 3. Effect of MIA (10-*M) on gas exchange of germ-axes (A) and inner slices of 
cotyledons (B). Arrows indicate the addition of MIA. Solid circles, O, uptake ; Open circles, 
CO, output; solid lines, no MIA; broken lines, 10-3? M MIA. See the legend of Table 2 for 
further explanation. 


An enhancement of gas exchange of inner slices began to proceed at about 100 
min., as mentioned earlier. And now this rise was completely diminished by 2.5x10-?M 
NaF, remaining the basal respiratory activity unaffected (Fig. 2-B). 


Monoiodoacetate (MIA, 10-*M) yielded very similar effect to 2.5x10-2 M NaF, as 
shown in Fig. 3, 
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As shown in Fig. 4, the addition of 5x10-?M pyruvate was found to cause partial 
recovery of NaF inhibition in germ-axes, i.e., 9 and 19 per cent recoveries for Oz up- 
take and for CO: output, respectively, and the RQ was raised from 1.13 to 1.31, while 


Fig. 4. Effect of pyruvate (5x10-2M) on gas ex- 
change of NaF-treated germ-axes. Warburg respiro- 
meters used. 10 germ-axes per flask containing 1.5 
ml. of 2.5x10-2M NaF—M/30 phosphate buffer, pH 
6.0. Air; 30°; in the dark. Measurement was started 
70 min. after the addition of NaF, when the inhibitory 
effect of the reagent was wholly manifested (see 
Fig. 2-A). Arrow indicates the addition of sodium 
pyruvate dissolved in a phosphate buffer (M/30, pH 
6.0). Solid circles, O, uptake; open circles, CO, out- 
put; solid lines, no pyruvate; broken lines, 5x10-2M 
pyruvate. 


Op UPTAKE AND COp OUTPUT Cpl71o germ axes ) 


0 60 120 
TIME ( min.) 


that of the control run (NaF inhibited respiration) dropped from 1.13 to 1.00. 

Effects of heavy metal reagents. As summarized in Table 2, O2 uptake of either 
germ-axes or inner slices was almost completely inhibited by higher concentrations of 
cyanide than 10-?M. The poisonous effect of sodium azide (NaNs) was also remarkable 


Table 2. Effect of heavy metal reagents on O, uptake of germ-axes and inner slices of 
cotyledons. Warburg respirometers used. 10 germ-axes or 300-500 mg. inner slices 
per flask containing 1.5 ml. (2.0 ml. for CO) of M/30 (M/15 for KCN) phosphate 
buffer, pH 6.0 (pH 7.0 for dieca). Air (excepting CO experiments); 
30°; in the dark. 


Inhibition (%) 
Inhibitor | conc. (M) ! 
| germ-axes cotyledons 
KCN 1x 10-4 91 83 
1x10-3 100 88 
1x10-2 100 91 
NaN3 1x10-4 48 39 
1x10-3 66 70 
bi L058 ~: 69 
co ofa : : 
dieca 5x 1058 8 27 
salicylaldoxime pS 40 13 
a, a’-dipyridyl 2x10-3 26 40 
o-phenanthroline 2x10-3 44 17 


but the inhibition did not exceed 70 per cent by the use of up to 5x10-*M of the 
reagent (see also Fig. 6). Oxygen uptake of inner slices was also inhibited strongly 
by 95 vol. per cent CO in the dark and the inhibition was largely removed by light. 
Carbon monoxide gave unexpectedly low inhibition to the respiration of germ-axes, 
and the inhibition was removed completely by light. 

Both dieca and salicylaldoxime (5x10-*M) inhibited O: uptake rather slightly; 
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germ-axes were more sensitive to the latter than to the former in contrast to a higher 
sensitivity of inner slices of cotyledons to the former. 

By the way, the addition of a, a’-dipyridy! or o-phenanthroline (2x 10-* M) as the 
reagents capable of chelating with iron atom did not give any immediate effect, but 
induced a partial suppression of respiration with the lapse of time. Cotyledon slices 
were about two times as sensitive to a, a’-dipyridyl as to o-phenanthroline, while 
reversely germ-axes were much more sensitive to the latter. The exact mechanism 
of the action of these reagents is obscure. 
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Fig. 5. Effect of varied concentrations of Fig. 6. Effect of varied concentrations of 
DNP on O, uptake and CO, output of germ-axes NaN; on O uptake and CO, output of germ- 
(A) and inner slices of cotyledons (B). Solid axes (A) and inner slices of cotyledons (B). 
circles, O; uptake; open circles, CO, output; See the legends of Table 2 and Fig. 5 for 
triangles, RQ. See the legend of Table 2 for further explanation. 
further explanation. 


Effects of uncoupling reagents. Striking difference between germ-axes and 
cotyledons was found as for their response to 2, 4-dinitrophenol (DNP). Oxygen 
uptake of germ-axes was affected little by low concentrations of DNP but a marked 
inhibition was induced by concentrations greater than 10-4 M (Fig. 5-A). On the other 
hand, the CO: output/DNP concentration curve showed a definite She at 10-*M of 
DNP, where the stimulation amounted to about 80 per cent of the control. After the 
peak was passed the curve declined abruptly. Thus the RQ was Oe increased 
in the presence of DNP at concentrations greater than 10->M. In cotyledons (Fig. 5-B) 
however, DNP at such a low concentration as 10->M induced a pronounced Sethe ae 
of O: uptake; at 5x10-‘M the stimulation was the highest amounting to about 100 
per cent of the control. Thereafter, the curve also dropped sharply. Carbon dioxide 
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output showed a simultaneous rise and fall with O2: uptake, and the RQ was maintaind 
_roughly at unity over the whole range of concentration examined. 

Assuming that DNP added does not change the quality of original respiration"), 
i.e., RQ=1 is maintained unchanged in cotyledon slices and germ-axes in the pre- 
sence of DNP, the difference between the CO: and the O2 curves in Fig. 5 may be 
directly regarded as the amount of extra CO: output in terms of percentage of the 
control COz output. It is likely that DNP at concentrations greater than 10-°M may 
insert strong aerobic fermentation in the gas metabolism of germ-axes, whereas the 
gas exchange of cotyledon slices consists practically solely of respiration even under 
the presence of DNP. 

Similar experiments with NaN: gave the results shown in Fig. 6. In germ-axes, 
the effect observed was very similar to that of DNP. Oxygen uptake was inhibited 
by NaNs at concentrations greater than 10-° M, which evoked a considerable stimulation 
of CO: output. The effect of NaNs on cotyledon slices was apparently different from 
that of DNP. The greater the NaN: concentration, the more striking was the inhibition 
of O: uptake. In contrast with this, the CO2 output was accelerated slightly by lower 
and decreased by higher concentrations than 10-‘M. It must be pointed out, however, 
that the CO: output curve runs nearly parallel with the O2 uptake curve as was the 
case for the DNP experiment. Assumingly the responses of these seed tissues to 
NaN; and DNP are essentially the same, and to the known inhibitory action of the 
former on oxygen respiration (cf. Table 2) will be ascribed the above described slight 
difference between the gas exchange/NaN; and the gas exchange/DNP curves. 


Discussion 


The Qo, of germ-axes was very much greater than that of the cotyledon tissues. 
The Qo, values, however, were given on a dry weight basis, so they could not 
permit us to compare directly the respiratory activities of the tissues in question, 
since the dry matters of the cotyledon tissues should contain considerable amount of 
reserve materials. 

The results of the NaF and MIA experiments suggest the participation of Embden- 
Meyerhof system in the respiration mechanism of the germ-axis tissues. The presence 
of cytochromes a, } and ¢ and of Krebs cycle dehydrogenases in germ-axes has been 
shown previously’‘), and it was now demonstrated that their respiration was strongly 
sensitive to a variety of iron reagents. From these it may be inferred that the 
respiration of germ-axes is a typical carbohydrate respiration involving Embden- 
Meyerhof pathway, Krebs cycle and cytochrome c/cytochrome oxidase system. The 
RQ value of germ-axes rose from unity to 1.4 after about an hour of shaking. This 
rise may be due to the occurrence of fermentation since the increased RQ value was 
lowered again to unity by the addition of NaF or MIA and the effect of the former 
could be removed by the addition of pyruvate. 

There are significant differences in quality as well as in quantity of respiration 
between outer and inner parts of cotyledon. Isolated outer part respired much more 
strongly (Qo,=1.30) than isolated inner part did (Qo,=0.44) and the former appeared to 
utilize fat (RQ=0.82) and the latter carbohydrate (RQ=0.96) as their preferential respira- 
tory substrates. In view of the suggestion of Oota et al. that the formation of sucrose 
from starch in germinating cotyledon is backed up by fat respiration’), sucrose may 
assumingly be formed predominantly in outer part of cotyledon. In fact, Kawamatu 
has shown cytochemically the preferential disappearance of starch granules in this 
area of germinating cotyledons of Vigna sesquipedalis"'). 
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There seems to be no difference as to the main terminal respiratory system 
between germ-axes (RQ =1) and inner part of cotyledon (RQ=1), since the respiration 
of inner slices was shown to be as sensitive to the iron reagents as that of germ-axes 
was. Contradictory to this, at least in the early germination stage, intact cotyledons 
have been reported to contain cytochromes ai, b and & but no c and little cytochrome 
oxidase activity*:'2). At the same time, however, it is known that this 6, component 
can be converted readily into cytochrome c by mere aeration of the tissues!?). In- 
teresting to say, the conversion of b, to c accompanies the appearance of the oxidase 
activity?). It sounds, therefore, reasonable to conclude that the slicing of the tissues 
would bring a sufficient supply of atmospheric oxygen to the tissues resulting a change 
in their respiratory pattern, i.e., the establishment of cytochrome c/cytochrome oxidase 
system. This can also explain at least partly the fact that whole slices respire at a 
greater rate than intact cotyledons do (see Table 1, column A). 

In contrast with the case of germ-axes, NaF or MIA did not affect the basal 
respiration of inner slices, but removed completely the respiratory rise which was to 
come after 100 min. Accordingly the developed part of respiration may involve Embden- 
Meyerhof sytem, while the basal one may not. According to Oota et al., Krebs cycle 
system is unlikely operative in cotyledons because of the absence of any detectable 
citric dehydrogenase activity in their tissue homogenates‘). Further analyses are 
needed to elucidate the pathway of carbohydrate breakdown in the cotyledon tissues. 

Copper reagents examined induced respiratory inhibition in both tissues, suggest- 
ing that some copper enzyme(s) may also play the rdle of terminal oxidase(s). To 
date little information is available as for copper enzymes of the present materials’). 

It is widely accepted that DNP uncouples phosphorylation from oxidation, and 
elevates the level of phosphate acceptor (ADP) which should be in an intimate connexion 
with the respiratory activity of the tissues. Observed stimulation of respiration of 
the cotyledon tissues (inner slices) induced by DNP indicates that the phosphorylative 
capacity may limit the rate of the respiration in question. In contrast, little DNP 
effect observed for Oz uptake of germ-axes suggests that the situation is quite 
different in the growing tissues, that is, the rate of respiration of the tissues is 
hardly limited by the ADP level. Nevertheless, it is possible that the ADP level 
elevated by the action of DNP may speed up the carbohydrate breakdown if the rate 
of breakdown is limited by the ADP level. Then, if the supply of the product of 
carbohydrate breakdown thus accelerated exceeds the capacity of the tissues of con- 
suming it by aerobic means, aerobic fermentation or extra CO: production may 
occur, as was the case for the germ-axes used (Fig. 5-A). It is supposed that in 
cotyledons the increased supply, if any, due in some way to the effect of the uncoupler 
added will be readily utilized by the promoted respiration. 

Relevant to the fact that in germ-axes DNP induced strong aerobic fermentation, 
I/N ratio obtained for the tissues was found to be higher than that obtained for the 


cotyledon slices, i.e., the former tissues manifest the Pasteur effect 
, , more notably th 
the latter do (Table 1, column C). Yourtan 


Summary 


1. Gas exchange (in a phosphate buffer, pH 6.0, M/30) of intact germ-axes and 
slices of various parts of cotyledons isolated from soaked seeds of Vigna sesquipedalis 
were examined. The Qc, on a dry weight basis and the RQ were found to be 7.8 
and 1.0 for germ-axes and 0.52 and 0.81 for intact cotyledons, respectively. The Q 
of outer part of cotyledons (1.30) was strikingly higher than that of inner 4 (0.44) 
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and the RQ@ of the former (0.82) was lower than that of the latter (0.96). 

2. Sodium fluoride and monoiodoacetate inhibited gas exchange of germ-axes 
strongly, but affected little that of inner part of cotyledons. 

3. Cyanide and azide inhibited O. uptake of both germ-axes and inner part of 
cotyledons much strongly. Oxygen uptake of inner part of cotyledons was inhibited 
by carbon monoxide more considerably than that of germ-axes. The inhibition was 
completely (in the latter tissues) or almost completely (in the former) removed by 
light. Partial suppression of Oz uptake of these two tissues was also evoked by the 
addition of dieca, salicylaldoxime, a, a’-dipyridyl or o-phenanthroline. 

4, 2, 4-dinitrophenol stimulated O2 uptake little and CO: output considerably of 
germ-axes, whereas it stimulated strongly both Oz uptake and CO: output of inner 
part of cotyledons. Essentially similar results were obtained with azide. 

5. Gas exchange machineries of the germ-axis and the cotyledon tissues were 
briefly discussed. 


The author wishes to express his sincere gratitude to Assoc. Prof. Y. Oota, under 
whose guidance this study has been carried out. His thanks are also due to Dr. M. 
Izawa for his helpful advice and discussions. 
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l. HOADUBDMAS eT VHT PMP DOD LEMMRML, FEOVAVAZOMAOMH LO 
i ~xEH (M/30, pH 6.0 OPM Myer) EWE Lie. Hud O Qo, & RQ HMM 7.8 
i 1.0, intact -¥EC 0.52 & 0.81CHS. FHOPBMMO Qo, (1.30) LAMMRMOTH 0.44) k 
DBA, RQ I (0.82) OAA AH (0.96) kd fers, 
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leh A ERE Liew. 

3. Cyanide, azide (iia - FHAMMRL OLS OSOMARMAWSUCSAL<METS. —BIER 
HlLMMROBRBILL DLFRAMMMO thre < LATS. CO PAIR A CISA, RFC 
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DBR RMESIBST S. 
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YET S. FRPP MMM CIMA, Kee zB e ITCH uncoupler (ck CHR< (RHESHS. AA 
Hic lal URED azide TLm>ChBSHE. 
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Changes in Ascorbic Acid Content in Plumules of 
Nelumbo nucifera During Maturation of the Fruit 


by Kiyonobu ToyoDA* 
Received May 19, 1960 


In a previous paper’), the writer has reported the presence of ascorbic acid in 
the plumule of Nelumbo nucifera Gaertn. Based on the results of observations on 
the changes occurring during the development of the Nelumbo fruit, from the earliest 
period of formation to the full maturity, the writer has distinguished seven develop- 
mental stages as described in another paper?). The present paper describes the 
changes in the content of ascorbic acid (reduced and total) in the plumule of 
Nelumbo fruit which was collected in the lotus field at Kamakura. These experiments 
were carried out in August, 1959. The usual titration method with 2, 6-dichlorophenol 
indophenol was used for the determination of ascorbic acid. To examine the initial 
phase of ascorbic acid formation in detail, the second stage of development was 
further divided into two steps; namely the early second stage (IIa) and the late one 
(IIb). In the former stage, the plumule is covered with mucus and is yellow in ap- 
pearance; in the latter stage, the plumule becomes larger in size and yellowish-green 
in color. The experimental results are shown in Figs. 1 and 2. 


Pea Me ae Pri Tg Oy > ts Vee 
Fig. 1. Content of ascorbic acid (mg. %) Fig. 2. Average fresh weight (mg.) and 
in the plumule of Nelumbo nucifera in total amount of ascorbic acid (7) pee one 
various maturing stages. plumule of N. nucifera at various matur- 
ing stages. 
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As will be seen from Fig. 1, the level of ascorbic acid in the plumule (mg. %) 
is highest in the early stage (Ila) of growth, to decrease gradually with the further 
development of the fruit. The level of total ascorbic acid (reduced plus dehydro- 
ascorbic acid) in the plumule reaches a maximum in the late second stage (IIb), 
later to decrease gradually. At full maturity of the fruit (i.e., Stage VII) there is a 
marked rise in level of total ascorbic acid, while that of ascorbic acid remains at the 
lowest stationary state. 

The lower line in the Fig. 2 represents the average fresh weight of the plumule, 
which shows a maximum at the fifth stage of growth. As will be seen from Fig. 2, 
the total amount of ascorbic acid per one plumule increases with the progress of 
maturation of the fruit to attain a maximum at the fourth stage, then to show a 
rapid decrease. 

It will be mentioned that these values in the level of ascorbic acid, expressed in 
mg. per cent on fresh weight basis, are near to those!) found in the leaves of the 
same plant. The general trend of the changes described above is in accord with the 
finding of Hoover’), who has followed the changes in ascorbic acid (reduced form) in 
Southern pea. 
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The Seasonal Changes of Aquatic Fungi 


in Lake Bottom of Lake Nakanuma 


1960 425 A 2 Aft 


WB ICIS VY CARAS LOSERS 
C EITM CPE A ?), WUEYEH COIR RIT Oy 
CHW ERAADBB SHC els. Fett 1957 
OA DASBEOA ECOL, BIH 7 ITO 
UE < (Cd SHIA) CIsvyC, WIV OKABMO 
BMWNRERBR LEDC, CORRE RETS. 


FRA & 


WiyelL= 77 VY + S- ORE ERAL, HO 
HUREBORCAT SC 20 HOR HEL. MHI 
RV FVYORITCANTHMBICH Dt 0, STi 
CRABB Lele, WHRe UGE Cha 
DAHER Fre > 74). 


MAERJE BIS d5(t S Wi RSABE OBE 


WHEVE O7k EMO M BUBB IL, FEHIC LSA 
fea L<, LOORKMSUME 1 COR MHS 
eH (Fig. 1). $irbb, KM KICMRA ERIC 
WHEL TS 1 A db 4 AICS ROKARMA A 
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Fig. 1. Seasonal changes of frequency of 
the aquatic fungi in bottom mud of 
Lake Nakanuma. 
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bHSA, MMR OBMIcHo Tt 5 ACH BRS 
BS LthS. 7H OFHIC Oh CMBR b 
B<teo, 6AICaKERRAamMICMYL, CO 
jRAelt 10 HE COSEe, WEBI Fs» 5~20 
%lo>¥iev». 12 Alice wD BAKE 
bdrmr>bbt), HBRAemicHHML, 78% eA 


>. COLD ICE COKEAMMO SIRILAE 


HAL TSAO L, Wik CLARA L KBIRK 
t7e)12), WMAORRAS< Brac & rea 
{HF S. CHIRBORRERET SBABt LK 
imo, Hae OBE SEK OMRGABRELL 
CHALTW SK OL ¥2Z56nS. KAKOBRE 
AROPBALIX Table 1 CAT LROC, BRO 
THAT SRL KAERMOML ST SHIBL Bais— 
RTFSTL, CHheERDIHSELOLW ZS. 


Table 1. Seasonal changes of water tem- 
perature, pH and O, in the water 


of bottom layer of Lake Nakanuma 


1957 1958 
ote i Il 
~ Water : ye ie 
hane't, We co} 8.9| 9.0|7.6 | 5.6 
pH 7.0| 7.0|7.2 | 7.3 
O, (ml/l) 0 0 | 6.23 | 8.37 
1958 
lV. | A IVAN) Wihbe 
7.0 |8.0 |8.5 |8.2 | 8.7 
6.9 |6.9 |7.0 | 6.9 
1.3210 0 0 0 
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Bee Fig. 2 Cm Lc. BboAKS Olt Pythium 
sp. & Aphanomyces sp. ®EL TSEC, — 
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Dictyuchus sp. 20 
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Pythium sp. 
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WAIT IK, MBA L LICK BITS <, BHI 
PL, HC 8 AICIkDIRO Pythium sp. Ak6 
MOICT Rev». 

KICFMAOWRE LS &, Pythiwm sp. £1 
Ee UCUCH bh SME—-OfEC, 12 HDO4AE 
Cit 40~85% DWF Be RTA, WIECD EMERL 
te S SARS WIT Ik 5~15% lop > A. Apha- 
nomyces sp. & Achlya flagellata DHE ix 
LCs 0, EJSICMRRDSFIED ICYATES 3 DABRIT ee 
thon, Bictte< Ws Lic». Achlya |g iti 
S WEYEIC 10~20% OPE CAA LTV 5 DS), 
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Fig. 2. Seasonal changes of frequency of 
various species of aquatic fungi in 
bottom mud of Lake Nakanuma. 


Table 2. Effect of oxygen tension on mycelial growth and 


zoospore formation. 


O, ml/l 0.56 7.06 

ite as Mycelial growth - Ht 

Saprolegnia diclina : 

Zoospore formation - “te 

Achi Mycelial growth + tt 
de PRG a Zoospore formation = 4 
Mycelial growth + Ht 

Aghl yp cage lata Zoospore formation at sin 
: Mycelial growth ne tt 

se had eats le Zoospore formation _ Si 
Bai Mycelial growth + tt 
Pe Zoospore formation + He 
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= HULA D MEY RECA FE Te bE FIR ICL 
MTSZeEOoLEZbHS. 

Achlya racemosa (iki PED RA C?®, Hitt 
ia 28 11° LA FORAICMG HS. WKICIA< AA 
+4 Saprolegnia RILWECVEIC IAFF BITC D Ts <, 
RECOM ASAI iV. BRE SERV 
Che 244 2, Saprolegnia jxlx Achlya )R-° 
Pythium [RICKS CHAASAB SH, Ere MA 
MAG MIT ko CHAE SI SOC, WEKVECY 
EWbDEBZ SHS”. 


BEB Ce RA 


WIESVEH O7k AE ARO ZB HA SIC ERK © RR 
GABOR} BBRERL EZ ONS, RRB 
C38. CHHBROVBICOWT 2, 3 ORRED 
Troe: 

GR 1: Wik eA L CBRE BLT OA 
PBRICAZLVUIKEED, 100ml BoMRe vic 
AHS. COPRADINKERMMBbD TAIL LET 
YOREAH, Bit C6 ARKH L, AROERE 
WEE F TBR & BLAS Lic (Table 2). COME, Sap- 
rolegnia diclina jAZROMBeE WEL FARL 
{, BROAR AA Shee, Achlya flagellata 
> Pythium sp. js}#PHOF LVI ChLMADE 
RAR oh. 

WEEF IR b FAIC k > CHUA. Achlya flag- 
ellata > Pythium sp. (xyA¢Pese Ic Bie < 
VEEF ATE KX FS DS, ~Saprolegnia diclina, 
Leptolegnia caudata (x#PROS vk th C ld Ut 
EF Bm bic. 

RR 2: TkAERMOMEF OA ICIs kb ISTH 
RMOWRBE WSSKEYH, ELMO CHROSL 
VIKETED, COAIC—-CHOWEF AN, FH 
Uilc 24 RFI Le hice HEIR Re BMA Le 
(Table 3). AMM LBROFDICMWES 3S 7k th 
CLE FILME CH SA, Saprolegnia diclina, 
Achlya racemosa, Saprolegnia monoica, Achlya 
Alagellata Dike AeFixHRROS Lvegkr-Cik 24 wey 
FIPUICHRS S. Lal, WIEVICe V. Pythium 
sp. & Dictyuchus sp. MilGEFWLIEL AY Mee 
OIC BAT LUTV . 

AUR 3: HPAOLFICMS SBEREOV BIS, 
WOE CHRODTEVIKEVED, COD IC 
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Table 3. Effect of oxygen tension on 
survival of zoospore of aquatic 
fungi 


0.41 


for) 
ww | 
i 


O, ml/l 


Saprolegnia monoica — 
Saprolegnia diclina _ 
Achlya racemosa — 
Achlya flagellata — 
Dictyuchus sp. of 
Pythium sp. =. 


++ +444 


Saprolegnia monoica, Saprolegnia diclina, Ach- 
lya racemosa, Achlya flagellata, Isoachlya sp. 
Mee AN, Bi C8 ARAB LKR, KH 
HEOATERGGE BALK. 4 OR, AML 4 
0.41 ml/l LaweRESE eK Ch MHI 
426, Hic Achlya flagellata & Achlya race- 
mosa “Clk 2 AHEKCARBRERL TE. 


= = 


WEVOKERMOBMATIARIL, WERE CO 
SHLOBM Vc eHICLELOA, HSvliKHO 
MEF OUM, EMH CMa F re EO mA Ze 
Bit LSoDABERMChS. 

7KAE PALER VEC 3s Vs CHEE, «SN, 
AR, WEFEF OVS ds CHET SHIt THER, F 
D5 BIKA SURES S HEF IL BH THC 
FERMI SOC (Table 3), WHEROWAIAtHE 
LYRE L Ld arievy. ACA TICK O 
FESRDVAAS SWI Cid, ARMBSIRAEIT % ARV RET 
HES 4 OMS IMF OW CHEL TS E51 
Wid. RE, FRYER DIC IAD ME FT re 
BEL, 3AM BUwICHIELeLOL CHO 
HBO L A ERD GeV o Lk, BEECH 
DigV KRG CAFE LL TW SCL ERLTWS. Lads 
L, PROM OMB OPTS > CV Sk EMO 
HED /\\ Hr Ee REATK CHEE > Ke KITT SL, 
CHEOMB LIC Pythium sp. OFA LT 
WECEAMMBSHS. COMM, WEKVEebitis 
VY CAKE PADS LD CW SCL RRLTVYS. 
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fiZE Lie. 

2. TKAROM BASE LAC Lo CHI, 
14254 Fic CHAK, BK OMRATAA 
FS5 Hab 11 Alcea cCH)ees. WIEVEO 
TK RAPA TAS & EJS OVA TERR EL OMICS L 
VFHBADS bh b ture. 

3. HPHOW KOK EAMIt, Pythium sp. & 
Aphanomyces sp. FELT ACMC, FARMHL 4 
SLVSHMNRe AS. LALMCCTHSHSO 
tk Pythium sp. 72lt'C, Achlya flagellata, 
Achlya racemosa, Dictyuchus sp., Aphanomyces 
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Summary 


1. The seasonal changes of aquatic fungi were studied in the bottom mud of Lake 


Nakanuma from October 1957 to September 1958. 
layer varied only 3° in the course of a year. 


December in bottom layer. 


The water temperature of the bottom 
The water became anaerobic from May to 


2. The aquatic fungi in the profundal bottom mud showed remarkable seasonal 


changes. 


They showed distinctly a mid-summer minimum and a mid-winter maximum. The 


variation of fungi had correlation with the dissolved oxygen in the water of bottom layer. 


3. Six species were isolated from the bottom mud through the year. 
was seen through the year with the maximum in winter. 


Pythium sp. 
Achlya flagellata, Achlya race- 


mosa, -Dictyuchus sp., Aphanomyces sp. and Saprolegnia sp. were obtained during the 
circulation and winter stagnation periods when the bottom layer water contained the oxygen. 

4. Some experiments were carried out in the laboratory on the effect of oxygen upon 
the fungus activity. The results were in accordance with the observations in natural lakes. 
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Noriyuki MASUBUCHI*: 


scents. 


Studies on Graft Hybrids in Solanaceae I. 


Chimeras from the Grafting between Solanum nigrum 
and Lycopersicum esculentum. 


RIE ME OTRAS) FED E 5 Di RF LK Sle 
Mako Ditro Cis), WERBAETS ML 
RETF SMITMULTWS. COMBO C7 T 
Mga k ORMEIC LC SHEL LTH AF BSH 
H. FAFICMIL TAH Cytisus Adami (Cv 
clk Baur!), Buder?), Crataegomespilus (Z2\» 
Tid Meyers) OMFED A 0, HICA RW 2 THB 
melcvuy Clk Winkler4—7)(z £ 4 — Hi O HEBD 
S. b~hb (Lycopersicum esculentum) & 4 %-*& 
A A+ (Solanum nigrum) |Ck 4 Winkler OFF 
HE tk, € OF Jorgensen’) ick Zisa, VAR Cid 
Glushchenko’), Giinther") (c k AMARA. = 
NOFA FITW°TCHhF AF EHM LUT 5M 


FAC AA PEAR & 98D SL GET SW BDO, 
CAD IER ae MER Ee ET SL RET SHE 
ORIKIC—-MTS4LORHS. CHOORDHE 
KROWRC LET VROAMReE AAT SCL 
Licd’, £O—-KHE UT Winkler [CLS 2%2F7 
MOIR 77k re. 


MES EVAE 
BALE L TIX ~ b CL. esculentum var. kin- 
nari) &{eAAL, BEREILT % & A A+ 2 fH (Sola- 
num nigrum, S. villosum) & HF4RO bw bh (L. 
pimpinellifolium) 3 3 RMA E Lic. LE. 
e. var. kinnari (ite##, PRI cHMR, BR 


a 1 (| ibe exS n. DPOoEBbneE A > (ids. 


a 


A, B-1 (Solanum Gaertnerianum), B, B-9 (Solanum Koelreuterianum), 


C, B-12 (Solanum Koelreuterianum). 


* JCAL ILY MBAs ~~ Botanical In 


stitute, Faculty of Science, Hokkaido University, 


Sapporo, Japan. 
FAY «+ * HIFAS2 AAS RSE Se ar 


REIL 50~200 gr CHO, S.m. dH, RH 
LARGO, S. 0. HE, see OFEIE 
ERIC, RRA TC, LOKX Xk S. 
nm ICiRIZIU CHS. 
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Bs 2M) 7 x FAA & BUHL © HET Hee 


L.e. B, B-6 (S. Koelreuterianum), 


A, 
C, B-1 (S. Gaertnerianum), D, S. n. 


BAO b> bik 4 AE ICAL ARE Bed SS IC A 
LT, AAR BKMICHSA ECAH CH. BRIT LE 
SRM BE bb Xk ORM 3 HARI < COIS OT 
(CHB Lic. CH EMRE bb DS7-B HO L XIcz, 
AHEAD 5-6 HL trots. 3TOMASRH CTH 
bOKSOWDPERE File ote. ERO ELH Be 
SKELBW, BALAHS-6 EO LIB COM L, 
PERRIDA HE 2-3 HERPRLT << SOMIT Lt. DWE 
BlLFI7 VY CHRABDE SSE, WREDVR. 
WALI BIC KL <, SFMAG DLL LAEMMBEA 
7c. OV CH by 3 THEIR & BEIT XE COB, DO 
U»TEi 7) CHER DI Lic. COMA, BERD 
SSDS < SOMITRS LAICIEM Le. EO 2 AR 
BabALADBMABA LID, OX D9WTCE 
{ OPE EITM S ZlCW fests. CORGEHO TS 
Db Xr FAK HAL CHR OW RE Lee. 


om te R 


BHARGHDELELE< OREM LIEA, + 
AF OWBUCOs CHEEKS HEBER LK. Tied 
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b, S. migrum OWSDIELS << OF AF EITM 
L, S. villosum DARE hicox, L. pimpi- 
nelifolium NBGITILIAL 2 FI OKME AT. 
dso fe (8 138). 

EPC THOS & BERUIT EI OAS ESE Ud 
& BLA, BAKO OMICS SAREE 
LIU < b= hOB CH DME BMO MBC L 
» CREME ALE. CHE OM ADRBEAO FE 
WMC LSD, BAC SV CM OMOBAIC & 
SMI Sd Cleve. 

ARERCECEH A 714, Sin, Sov. OWTH 
OEE h EBL EORMICHHSEROVHAIK LO 
CARE Ce, ZOCARMFS CERCA. 1) b 
vhWOMR CERI xa K+HOAO, 2) 
KH! Cli dd SDM CEH GS 1 AAA REHMOD 
MD, WE2MMO AFM} 1) Hiciatoaxez 
FILGEAKOIGG SERS, COROLAMBV ECA, 
2) FICS S427 CHAAKLEBAL, ERA 
KEICE OD EEBU RBG ELKEOLAAES, & 
<xHIE Lic. MMPKECERLE ODES. nb 
L. e. D*¥ AICS 1) HORA MH 4 MH tk (B-6, 
B-9, B-12, B-15) & 2) #¥@ iso 1 fA (B-1) 
DACHoT: Sv. & Lie. OHA F CAME 
DS 2 Mt & HABEM DS 1 HLA Ca ote. SANE S. n. 
& L.e. POHO* 2% FAAIT OV CHAE LHR E 
WETS. HEL ASC EMERY A FHA LBL 
HittChs Loe & Son. ECU DMOW-CHIC 
DV CHAE L7CAFRILKO £485 0 Ch oie. 

(CBS BBA S. n., L. ec. OMMWOM 
DICBKO AM AD BSIBME I 4 PED bb 
HoeOTC, CHEMROW KE Lic. RMILOKSE 
< (20 MUI GED ZL, 150 (HUF COs 7 wr = 
& BBE) SCyRSe\ Wi HA BOAR La-ed. 03: 727 Ch 
siz Oicx LT, B+6, B-12 ktHEh 8.5, 7.6 
Mii eas LARD iedsofew, B-9 tk 12.2 CHA 
KEWVRILEAL, 4a bx bO 10.4 LOLKX 


‘ah Ec elt ae " le te pte) 7 | ME BAC 

a ya a RE MBA ACH BER) FA 7 PTS 

eae ee RO OR RE | 8 : he eae Sue ik Lh MRO 
A | Lycopersicum esculentum)| Solanum villosum 40 28 143 4 10.0 
B | Lycopersicum esculentum) Solanum nigrum 40 34 | 158 9 22.35 
C | Lucorergicua es toler readin fh $i] O59 Lg 0 3 of 
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B3R FATAL AMMOBORNS Migikwe 
1. L. esculentum (2), 2. L. esculentum (4x), 3. S. nigrum, 4. B-la, 5, B-lb, 6. B-6, 
7. B-9, 8. B-12, 9, B-15, 10. B-21, 11. B-34, 10 Jk b}+ }ORRHRROLO. (hit tr~ . 
CH ARAYA ORKRMRMCHS. SILK KREBORILE RMT. 11 (LFLWMaILIE RC 


HOR, (hOB MOAB e RT. X150. 


Dot, reise hb OL B-1 CHO, HSBAC 
OPAL 8.9 ER LREOICK LT ft OMB HD Sik 
3.0 O/PXVHe ARLE. CHE OPEMHORUT UE 
KECHEBS), Chbke FATS LTH 
tMbni Oe, Mae KG Lier B-la, ee 
& B-lb ELie. KFLOR (200 (HM CO AH 
5 349) tk S. n. B8 21.0, L. e. D8 46.8 Go 
EOI L, B-6, B-9, B-12 jkZH Eh 28.6, 
13.0, 29.6 Df{i® mA Lic, B-6, B-12 ti S.n. iz 
VEU Ca 6 2 B-9 OA GS. n., L. e. ww# 
DORE YO GILSAITARVGHe AR Lic. Ze ts B-1 CE 
jk B-la #54)-Git 53.0, B-1b ¥34)-Git 107.2 0 
fie NL, IPMICS < ORFLA MALT 4 7c 5 BL 
Shik. COC LITA 3 NCES} ICKY 
MRO MORE OREEA A LEZ bHS. tris 
CORMEIL B-lb OM CHL<, RILOK*Y 
SAVP\SWeLLTCOKHCHY, KERITHSGFL 
WAAL 2 MMIC Lie ER EAEDIEEO, de 
2>% FLIED AIO TBR & (RO TR GB AL 


fe. B-la, B-lb D4 Fic HICH 3 BH LB 
BY, FSICMPRLEMAORNIL B-la OHH 
SLECACHYO, Alc Mh Leo RLM Fk B-1b 
MDEDSLCACH OR. HRBRILOBMATD TC 
HSM, MORN MgO AREA (B-34) 4b 
ated’, © OPUAILBATER ASIC HAE Lic. 

ERORITOVWTCASE S. nm. 2 0.4 (CHET 
L. e. (£ 10.2 CHO, MALTBY OH 25 (FS 
Vs. CHICK LF 2 F iA COBH IS B-6, B-9, 
B-12, B-la £ hic 0.2 OFFAL S. nm. LOY 
Digs, CORBA S. n. MRCHSECER 
AUTVS. B-lb Cid 0.8 FRLEBRBAREAD 
DIEDOKGRLEL SHS. 

ICN 2A 7 AAORMICE Ute GEHL 
S.n., L. e. OIE HRML KOM 4M CHS. 
S. n. CHREDSPDICEERCTCIE YO, EMO 
Mats 4 OF 2c TiS. CHIR UET 
L. e. ClEKHO 4 MD brea CS. BAF 
(ZOVwCTHS EL B-12 BS. n. (HERE 
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B22 HiChbno =, =OVwAKw 


Sm 


Lads LL. (40) | B-6 B-9 


B-12 Bala | B-1b 


RILODKEXS 
& FL O %&21.041.4 
= EE DO % 0.4+0.5 


AAR +2 SKE BN OAL ie 
UGE ce C5 (20) ne 25 eee. 1 4G) eS Sone 
4. B-6, 5. B-9, 6. B-12, 7. B-1. Cax150 


65M B-6 OF SL PMWORKL Ob. 
Zz S. n., HR B-6, A L. e. 


a2. B-6, B-9 Git L.e., S.n. wFHITS FEV 
aH cM BAB Hie. frets B-1 [CIsvs CT LEHI 
RMRICBAICH CRY, COME Lee. CHEW HE 
WDbDCHor. ChHHOAKk Glushchenko 
BIER LBS S. 

{EPRIZT OV CHIN RIL BROCE Cho 
fe. Fired woEFH OMI S. n. Cli—fklZ 5 Cho 
CHEE LA Ligw2as, L. e. BIMED Sha 
Dd 0, 20 FED YC 7.6 ORAL. RIT 


| | oe | . 
8.440.8 7.740.9 10.440.9 | 8.541.3 |12.2+2.3 | 7.642.3 
46.84+3.8 16.841.6 28.6+1.7 
10.241.5 | 6.2+0.8 | 0.2+0.4 


8.9+1.3 | 3.040.8 
e252 29.642.6 53.044.5 '107.248.0 
0.240.4 0.240.4 | 0.20.4 0.8+0.8 


FA PACH ELSIMEO(AMRAL, &< 
i B-9 Cli 7.2 OFF RLU. ETEK, 
BH ORSIE Sn. RENEH 6.3, 2.4mm 
ot LOW. é. (2017.5, 5.4mm F357. 
SAFI Loe. HEC, SHITE 
Wmrkfelk Son. LOrMOMe RL. fe 
IEA OI L. ce. OR f4, S. n. OF ITH 
LT, CHS*¥2AF CHALOTER OMI Icy 
L< mle Hd Lee, Glushchenko, Giin- 
ther OfFRLAUCHS. EOWA 2 FH 
CREAM 7 A ILHET VL ORGASL . e. ClL Hv 
chia LCOS OI LCE AF CH S. n. 
PRICAMEL Tre. ERCHET V. «HET ORS 
SHC, ERODE HALES MICHSHSL 
Sle, 427 Clk L. €. (EAS STE. 


3H (ERICH bHkKI, =OPAK 


{EF O |S DO 

poe a 

. ial _(mm)/ (mm) 

Solanum nigrum 5.0-) Gien2e4 
Lycopersicum | 

A iadblich 7.6 | 17:5 )| 15.4 

ep 6 Bul, 15d aes 

ie 7.0)15.41 8.9 

B-12 5.3 | 14.3| 7.8 

Bol 6.0] 15.2] 5.6 


RRITOVW CO PAE RIZE 4HOOL< GC 
dot. S. n. tBREAOREKC 20 ROBY 
(S00.3 gr OP\RCHY, BML 2 CH OBE 
BILEN CHS. Lie. tk 64er OF HRHRE RK 
L, BRIE 3~5 BoOMe Ho Cure. Bl it%eo 
RAO HMPA 1.8gr Ch), Bit 2~4 
BChHore. CORINA OID, SHIT 
DWI RAMAIT BRED S. n. CHRTS 
BREE, AMORAMIS L. ce. Of KL Rb 
SERED EReEA LTR. ERHAO SHI 
MORRO We ALK. Hrebb L.e. bk 0 SHH 
Bor. 
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H4H PRichbohk—, S=ORAM 
Er Pe @ 
Ri my Hl} o.s4| os | 1.8 — 10.2 
a me! 2 gk [etd tad 
RAMERS | 1,5 | 104.5 34.3 | 45.8 8 
7A A eH | 7.7 | 53.3 | 23.7 | 31.6 
Hi Fie x 12 0.4 Gm oe Stl wl aul i2 
TS Sp 19 | 40, ice. 2 1) et.2. 
FOR) op age ap gE TN A BRIO AED 
(mg/20 #1) |“ : See (< 150 ff). 


MBAZA. 


AS 6 [Zl 
7c, B-6 AKO RR. SRL 3 ChAT 


+ AF ORI 


ROCHELLE AS. X 2/3. 


b> bE E OZALIT ES. 
4i, B-1 {M{(AOIRR. SRE 4 CARRS 
werd. AIC kS. 


Zk Le, 74 ES) nieta Tt Bl, oat 
B-6, B-1, B-6 } 4lc by hitHRED 
OME CHS. BML eRe, Fv»d#er 


ECA SABLE, 


HiMITILA SHEVA Ch SB. 


ERNEST. ' 


REORK MOR BRRRD D, CDV RIT 
LEV h LA RAHAAYOMHO GRRL ICSE 


RAVE RAR EO (6 


AAS ORE BRL Cie. 


MCWSCLABW SACHS. Tete RAMA CAA 
MAL bY hOADEREA LCR RHOR SY 
MOLEAW DT bh OMRICLPDbST, 1 2 


{EMO RMS LoNte fh Rit, MOROCL<I CT 


AMIDA ¥ Si L. e. DUKLAX<, S. 
n. IE CdS DICK LTH AF CEE Oth 
HIOUie sas Le. Tete FORM AF Ow 
&, B-1 Cian BMF OAL OTE DS, S. n. 
MAEM ZENE CIE IZ URI T & fe. COWIE 
LS. nm. ORF LOBDKEVMFEBSS L 
BC#HR. ThbdbRS CHIP 15%, HAtc 
(L489) SOMOMMBABHE. CHICK TC B- 
6 ICTR CIKORE HAL LE. Tre 
bbRKO GIL b> bITUE Ds > fe DIRS Js 
OU, bTbOMIE OAK SOF ¥igwote. 
MILA 7 °C L. e. OME RITIED 5 Ke. 
RA MIIOK ¥ Std O PHWOAX SRA 
Le. ARAOIRIE CHER IS Eh Cd BM, 
L. e. MAEM CIEE < RL. Lae LAF IA 
TACK Ch ote. RA ME COM Lv ete 
wh 27 Cit B-1, B-6 hie Lie. Son. 
DAMMIT SELB AVIV CA SA ALOE & Pte 
CECH. CHOMRCASAILHAAO 
PRADO TICROKLOLEZ ONS 


or 
Q 


TCDS 

DAQIK 
OES ae 
OSOOX AC 


res) 


AK 


BS 8(X -F A FR & BUR OSL ANID Hees 
Aik L.¢., 4 B-l,. 2. B64, 47 S. me 
NR TBIL SE (2D (RO tf Ee at. B-1 (34k 
ORE RUMBA & HE DMAOEET SS 
LEAL, BE CIT LAURE ORSR 
& ts. Ca. x 150. 
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dots. Sin. L. e. tk EHEH 94.1%, 93.6% 
Deve aR Lied’, B-1, B-6, B-9, B-12 4 
WARMER as LL, B-9 OTL Xit#y 90% OAKS 
ore. 


5H TEM DO ke HE xt 


+ & tk | tke 
Solanum nigrum 94.1 
Lycopersicum esculentum 93.6 
B-6 (S. Koelreuterianwm) 17.8 
B-9 (S. Koelreuterianum) 9.6 
B-12 (S. Koelreuterianwm) ipa 
B-1 (S. Gaertnerianum) 31.9 


PIL Zk OPA hG AD b tk B-1 Clk 2n=72 O 
BEA ADS BLES XS dute. AUB ODMR FIM 
KE CMIER Ch 0, TEMRRORAE MEABO KH 
MICs So LILAHEO L5IBbhre. hor 
MESO | LA PIP MEIC TA bb POW CERT 
Sk CHMbnSRBOMMBE Liev. 2n=72 WE 
PAM CAB ite cL ds DAHA YEE 2 B28 
S. n. CAMA’ L. e. OAR 10 72S Winkler O 
S. Gaertnerianum LERADItTSHELO LESH 
tid. B-6, B-12 OfEMRANG CL 2n = 24 OY 
(KOBE Sh, PHORM, B27wL 
bLdHEVDASHiemrofe. 2n=24 HE Le. OWE 
KECHY, COA TAGE 1 AS S. n. CAR 
DS L. e. AAR Ca 4 Winkler  S. Koelreute- 
rianum CS. * fe B-9 OFEMAAMA CIE 2n 
=48 DYMO BIR Siric. 48 1k Lee. OY 
(KELOLE CHS LEERIZT (24472)+2 OECLD 
), #e(c Winkler!) © S. Darwinianum 725 2n 
=48 Chok KD bRKhSbEOLBbDHE L 
DLieBos 1 HALA Is KO diakinesis }jic3s 
(SRA 6 4 (MAE AO TETE WER Lie. TOS 
tx Kostoff12), Lindstrom and Humphrey!%), 
Upcott*)7e EIT LS b+ b 4 AOE & te C 
a0, AEDS S. Koe. HClLHSA, AMO L. 
€. MAB AGA L Too LOCH 0, Giinther o 
BeLMRLALZ ONS. BROOD SAUCE 
FRERIC Lo CAE Rb CHST EMRE 
Rak SHri7e. 

RBCHSFAF CEO Ch ve Old 
DIROLEE< OREDVERDLicc LE CHS. 
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POM 27M & BUY OE BREAN 1 4 
ZY D Hele 

1. S.n. (IM), 2. B-1 (IM), 3. L.e. (IM). 
4, B-6 (IM), 5. B-12 (IM), 6. L. e. 4a 


7. B-9 (IM), 8. B-9 (diakinesis)Ca. x 1500 


tisbb S. Koe. ii 2 (ipfkictsvt S. Gae. Obk 
EDEL, S. Gace. OMEN S. Koe. 
ICBM Lie. Ete Ley S. m. EHERIAEL 
TBE DRM dd ote. 


s & 


BDTEWYRR Ch ae PDHMARDEKAIT LT 
FeO A 7 IBAA es LIBKL, Chbo+2 
7 DORRIT LHF OREIR DHE Cah 9 Jorgensen D 
BA LAR Chor. Le. it Lp. ROWS 
CAAMA LAL S rigtrorec LIEK OER 
INNS 7AM LOELOA, EMER DH ARO MK 
MID ADL & MIS S HS XeALTHREDCH 
BDNLEY Ch), SROMBE LW. KKREZ 
SHS LMM A FIT RE 
7 RAE CIC, WTI) ERM AAMT HE 
0, MH OPMAUBEO bd ICEonNS. MAG 
DAT Lo TCM SOMMER CT FeV BAGDAD Y 
JEbDLEZAbNS. 

AGE CHB fe A A FMAAKIE 1 Jeu L 2 BO 
S.n. EHRETS,. Wb SAR AF Cho 
C, FAPFHMMICRSHSMBALRMYO HN 
SIE CHER LCWEORSMok. CHE OKRL 
Krenke)) L. e. & S. memphiticum DL 
Glushchenko OfGR LMR Ca 2 fe. PICA AM 
alk A FOVWFHAAD S. n. (CHB LATSLO 
ChEK, WINEATAEL, wet Ch B-Y lt 
U S. Koe. HCH 5 Th flO B-6, B-12 + DA 
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Porere LILAMMMCHS 4a br hOCBLEA 
SCEMCHELI. ERRRARK Male B-6 Cit 
KT hOGRe SALTER, BRIT SHE AS 
& OMRICHEB LST SEDLADHNS. WE 
Mik Dojons'*)\NV+5 CL < 2ODRAMA EE 
WE MUA IB RE WIS LO BEA Te EE PREF 

LOWS 4O C7 <, Glushchenko O58 4 k 
> (CAA ITB L D> CV BHT EATES ARR 
RHTSLIMCMbNS. 

S. Gae. (ERR OW SD S. Koe. CELA 
LERE Aiedrotes Winkler DHAL ARCH 
sic. S. Koe. (kT CHB C Home, S. 
Gae. (CRT 4S B-10 S.n. LE O*wAF IX S. 
nN. EOLOOMFLOL, Hach ~*KXd»5 
HOLE, ZOKREOMARIT RV CEMRLOK 
Spottt EMeRbo, —O~A7T PYAR 
LASTEMCH LG. LEO LMR Ceo TO 
PLA BED 9 fe. 

2X FIT ABS RAT AO FEB LV ds 
kj IHREN S CHAI D. Sin. & Lie. HF 
BRIT ILACACAHE Ch 0, APESCACIC ES Fi LH 
FECLIZCERWA, (EFCBHOSHE, BH 
DBO MTs Le, bv bh OPER aR < Bb LCis 
0, ERBHICADNS LD ICMBITS Ev Mz 
Went e kb ARM OMRAEA ORR LAH 
CEPMCHILG. AERA CLM BOWMEED Ma 
AICNF POUKRICHDO EN, SORITESOM 
OVER L, WwthaOHAERMAHHOMBE AR 
TA, FAP CIMA OWEHTMMMAITLEOE 
MOS ETS LITMBANT RA SH TIVSR. ZO 
BARE PIL DNF POURMCHSLWRED. (ER 
PHF OREO RBRVS LIL OME ROU» 
CLIC LS—fROMPEAR ER LAZO LMEYS. 

ERRRD OMS < Abe MIRE ABALOAR 
BEERS LOCH), TARO DAWEH OARY 
—VED» 6 MIO MAD MARDNSLOLESH 
NS. ED5 BH 2MED YD HISLREOCTL< CH 
. #3 10 ARis B-9 AKOLOC, MORRe 
AFIT THB GE OSvy CHAT b= NICH 
EoKCLERL, bx bLERIOER 3949 
DWtKbOCHS. H 10 BMILLHOMRE A 
LCATHS. PI NCL ESE ERIE 2IOW 
BORRE LONSZOICRUHHLBDHER, fi 
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#10 AR 4+AFDOob~S hCROKTER. 


MAB S.n. ORKNMPeAT. 


NX 


#&10BR Ak RR 


°° @ 


6118 BlARORK. Baris 
TYbDYT VY OFFER 
at. Ca. x2/3. 


FIL ARITHR > fe. TC OARRIZARPP BIDS 4 BEE B= 
he PRELTRACHRED, FAFTZOLOO 
MEIC LODURA CH or. H 11 Mit B-1 ¥ 
MICA BHD) ART A FORKRCHS. Hi 
“EDA, FARILHRITM DS b> b OMIT 
2EbOTCHY), COMME EOT Y bY TVR 
CETEL e 


#8 ia 


1) ARRCL> A F HH CILBIUERS < tkrh 
YMe aL, KACMB ICIS LV BREA 
Fc LRAGH Glushchenko MH L— Lye. 

2) FA FIRTH FAS MRLAK OWE 
AS, ASPBAWOME eS SHE REL CSO Cldie 
<> MAICHRICBB Lo CHSC LERLE. 
EME OHM, FFA OB IAIL+ 2 5 ORES 
Hote, +X F (LMP MOBINC ISI SAL EHO 
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ARES S—-POMMPEDLOLEAR SHOOT 
A ERERE ORO Fc Islt S MERA EG & Ot HE ab 
SCEMCEHS. 

3) APESCACC Fi SHMM AL, ROME 
IMG LTSSMR, TC OMBGILSHIT Lo CHEFS Mla 
ANF PICRASSZ4LOCH), FAIOWBSRE 
FEOMIRMAAAT SE LIT KS CHEF SMMRAFT B 
(AHAGI)) ICHAT SMM LER ONS. 
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I.E 42.6 Glushchenko 324844 k 5 Iz, 
+X 7 VIM O—TBRE Co 0, EM O—f CH 
2 Pe BOLE ne Seat Oy 


fae i Sl 47e), ARM e VERVE 
PB, ARS 7H BIS & Wide > te WIR ARs k 
OFEAEE AUB HDR SOD ~ (CE < RBS SKA CS 
bos. 
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Summary 


The study on the chimeras has been carried out in several species of Solanaceae. 


The 


plants used as the scion are of 3 species, i.e. S. nigrum, S. villosum and L. pimpinellifo- 
lium, and L. esculentum was alone taken as the stock. Of these combinations, the case of 
S. nigrum is exclusively reported in this paper. 

It was indicated from the results obtained that 1) the chimera plants showed interme- 
diate characters in several structures, the cell size of leaf epidermis, hair styles on leaf 
surface, flower size, number of petals and sepals, fruit weight etc., 2) the pollen sterility 
of the chimeras was considerably high and the seeds in the ripe fruits from the chimera 
were almost defective, resembling the facts previously reported by Winkler. 

It was clearly that, from the chromosome analysis, these chimeras belonged to S. Gaer- 


tnerianum and S. Koelreuterianum named by Winkler. 


Especially in one case, the 4x 


tomato-stem was surrounded by one layer of S. nigrum. 
From these phenomena it was considered that a chimera was one of the graft hybrids. 
It seems to the author that these results surely support the opinion of Glushchenko. 
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Penicillium islandicum Sopp., NRRL 1036 
OSERE HICH AERO ER 


He 


AY. 
is 


Masahiko KIKUCHI**: 
islandicum Sopp., NRRL 


iu 


1960 #275 12 Ay 


Penicillium islandicum Sopp. (£HitK RHO 
hia (Fig. 1 to LOW) Fig. 1 BIR) 2544 
L, 3 chemical strain (CAPRHS!?). 

(a) Pate NRRL 1175: 
ts LOZ OMA oxyskyrin, pig-c 7; ENED NZ, 
chrysophanol 


erythroskyrin, skyrin 


frYOh5(t para-hydroxylation 
pattern 4A VAI VRB EE 
TOR. 

(b) fae NRRL 1036: 
BLOOM RATE EMD Iz, islandicin, rubro- 
skyrin 7¢ © 5(t para-hydroxylation pattern 
RRL T VAI) YRORRE EET OK. 

(c) fat LSHTM BB 233: erythroskyrin 7¢(+ 
& PET SH. 

CHb5O} b, Fi b%4) lk & X (CHP NRRL 
1175 [COV CHR ICIslt SAREE OKETH 
RBTER LST, HHRMA OAM HIB & HEE 
Lic. AMTIL, MARK NRRL 10386 Oss zerhizts 
SSA ERMA OWRICIESL CT, SHHOLAM 
Kibet BATS. 

COMFIC AW LT, ARR MRL ARE Ve 
VPA BRS (HEA SEED) LRAT Vote PEs 
Te MBA LITTER < RBORME RTS. 


erythroskyrin, skyrin 


HH UAL 


APRIL EME As 6 5S tite Penicillium 
islandicum NRRL 1036 &/Avste. BeFEILO Mpx, 
TROT, ROMER) LARCH S. 


* HiyR: AXGk 73, 195-201 (1960) 

1 RRA ALLY wy & Botanical 
Institute, Faculty of Science, Tokyo University 
of Education, Ohtsuka, Tokyo, Japan. 


ip ees 


Studies on Pigment Formation in Penicilliwm 


1036 during Cultivation. 


HER ATED BRKAIZOUT 
BIR) UARRODE CHARER, FR NRRL 
1036 Of #MAIt Tablel ML3s90 CH), 48H 
bIDGERL—-MT SC LEMRLE. 


Table 1. Pigment detected in the mycelia 
of P. islandicum Sopp., NRRL 1036. 


| Color — 
reaction | Identifica- 
Spot | Rf Color with tion 
. <a ir Mz acetate Nese 
Islandicin 
a 0.97 orange . tea Iridoskyrin 
b 0.80 | ” ” Catenarin 
aq yellowish | Erythro- 
? 5 0.63 i brown | yeuay skyrin 
d 0.58 | w w ” 
e D a ) yellow begeer be Luteoskyrin 
f 0.45 red red (unknown) 
a) comalt * & 
g | 0.42 }wellemtsa orange red| Skyrin 
h 0.25 . Speen 9 green Rubroskyrin 
~ beroutty we xedomishd aA. 2 Oxyskyrin 
U8: [brown | OFaMe® | (ef. Tab..2) 
j pdbchib _ red far aC wake 


7r2s, HEEAGE TC d > (ZK (Spot-i, Rf 0.19) 
iL SvlL oxyskyrin ClitevweLE#BRTC, oxy- 
Skyrin Of MEN ME UC, HStHRoOT x 
b VHRR FV CR HAN Paz h PST CH 
Shit, MG RO— AMER Stic (Table 2). 

Ric, PEYhTFAED spot-i MARDEN 
IL, oxyskyrin OFFICE bia Z A= hb 
PIDAEFT Th, HHODMLA GH igd 3 
fe. Lieto TC spot-i Of oxyskyrin + 2% 
TEL TS LOWRIE LESS. 
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Table 2. Paper chromatographic comparison of spot-i with authentic sample 


of oxyskyrin (Solvent: 
wigag No. 53 filter paper at 20°). 


Upper layer of acetone/benzine/water 5:5:3.5, 


eae on the Reaction with methanolic 
Exp. Rf value (chr omiasperaphic Mg acetate on the 
paper epemnatonat 

Spot-i obtained from the 1 0.19 4 

ey OF LT yellowish orange 
extract of the test fungus brown a) 

3 0.18 

1 0.19 
Oxyskyrin (authentic) ae ysalye ” ” 

3 0.18 


Table 3. 


Sequence of pigment formation in the mycelia of P. islandicum Sopp., 
NRRL 1036 during cultivation on Czapeck-Dox solution. 


Days after, 


E H H 
inocula- Expo P Bxpaec é Exp. 3 
sen 5.8 Pp 6.0 P 
9 White colonies (2~3 mm. 3.6 White Cove’ (2~3 mm.. 3. 5 oe Sky, Oxysky, 
in diam.) ee , ie in eae develop. | | Spot-j. 
a Te 7 : i: a i = 
Mycelia: vale yel- 3.6 | ie? Mai 
low. Eryth. 
b) Mycelia: light gray- ae 
_ ish orange. Eryth, Eryth, Sky, Oxysky, 
3 Sky, Oxysky, Spot-j. Spot-j, Isl, Irid. 
| c) Mycelia: light oran- | 3.3 | 
ge-red. Eryth, Sky, | 
Oxysky, Spot-j, Cat, | | 
Isl, 
Irid. | 
| a . = a =! 
Mycelia: Pinkish pide a) Mycelia: grayish | 3.3 
orange red. orange. | 
. Eryth, Sky, Oxysky, 3.5 Eryth, Sky, Oxysky, | 
| Spot-j, Isl, Irid, Cat, | Spot-j, Isl, Cat. | | 
Rub. b) Mycelia: grayish Baa 
brown. 
jaa Eryth, Sky, Oxysky, 
Spot-j, Isl, Cat, Rub. 
| | c) Mycelia: brownish | 3.3 
| orange. Eryth, Sky, | | 
Oxysky, Spot-j, Isl, 
Cat, Rub, Irid. | 
Pinkish color deepens. | 3.6 | 
Spore formation oc- | | 
5 curs. Lut appears, and | 
pigment formation is | 
complete. 
i. Lut appears, and | 
6 pigment formation is | 3.3) 
complete. | 
Lut appears, and 
9 | 4.9 | 4. 9 pigment formation is 
| | complete. 


[Abbreviations] Eryth: Erythroskyrin, Sky: Skyrin, Oxysky: Oxyskyrin, Isl: Islandicin, Cat: 
Catenarin, Rub: Rubroskyrin, Irid: Iridoskyrin, Lut: Luteoskyrin. 
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BORA BEC It SERCKOML 


GEE IT Ist} 3 ERIM OMARLIC OV Cit, TC 
(< Shibata et al.5) (Ck oCMHANCWSD, HF 
mld, CHER L CIE ROR RE BEE 3). 

Fel SVS TIL erythroskyrin Aye 4 F< Bl 
DNS, COARMILT VAI) VRERROH 
BL REE OFeVve Ltd, SSICMAY) Leek 
33) CS. 

Skyrin, oxyskyrin, spot-j D4EpIIAZIXIt> & 
DLikdotees, ZAVYEFFAECHSHSLO 
O4}Milk skyrin > oxyskyrin > spot-j Cd ) # 
#e ORE AHL X(t oxyskyrin, spot-j Zi 
S8RD56FS4 4, skyrin, oxyskyrin, spot-j 0 
IF CERF SLOLHEGSHNS. 

Islandicin + iridoskyrin + Git, islandicin 
2s < Bbw, rubroskyrin + luteoskyrin & 
Giz rubroskyrin Zi DA < WBS. 

Catenarin OFZReRFHE D> t- 0 (Table 3, 
Exp. 1,2) #2575 (Table 3, Exp. 3) UtmF 
LE&—€EL7euy. tris, HS) L ARIC, Hho pH 
(Clim) OBMAA Sie. 


Diath t CMH LEMAO 
HHEROAR 


BUR?) LRODEC, Be RHIC Re TT 
Tso, BIKE ROWRe HX (Table 4). 

COW, MOPMAILV.d. S wet type Lic 
0, BROLERLKRAICMLT S. 10 fiLVRle 
OL, SHDRICHL<, MARLEE DY Hig 
{, DOSY VUIREY, ISFOPREBMTS. 
BBILABABRT VLE SMCH YO, PAITEREE 
FSLOBAEL, Ovriclk kore < ARO LMA 
POO Glerne) 

Catenarin & spot-f LIL6RACAPOIRRL 
rubroskyrin & luteoskyrin 4 7({HCAPbt 
OF RA IDS L< KD, SKA CItHSOV 
RAAT, I~10 KA CLbHTALhb ARE 
MARSHES, 11 KEVRSMER Eb Bok 
<HReHe< fore. wets, 8, 14, 15, 16, 17 
AB ORE CL B~bFFALECO rubroskyrin 
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#A241X 41k brownish red #5‘ rubroskyrin 
ICMAT SBC O4 OMB SPRY Y ACRE 
ELI b, WMMOMR LH SHS. 

Islandicin } iridoskyrin } (418 (KL #E CELA 
Abn, 19 KA CHR, 20 KCLLbICHbSH 
RBS bHTHE, 21 KC OF, Sh 
DMRILSERITIBA LTS. 

Skyrin, oxyskyrin, spot-j LX bHCHECH 
0, {[LOGRDHALTS, ERBPOLHHS OEM 
kAbhic. CHbS3#O}5X SCH, spot-j ALO 
28k OR < MATS. Oxyskyrin, skyrin OE 
BAHU MSELMILT VE? Lied. 


= & 


3A?) tk, ARO LET ST VAI) VAL 
Ah Oheia LO Wid 5b, ChrOoO AMR HIZO 
vet Fig. 1 OL} MAS BL CHS. Ace- 
tate 25/43$ LC, protoflavoskyrin, skyrin # 
 oxyskyrin ICBORREERLL, COREA» 
bH Shic bt ODAREKS HUT islandicin, 
rubroskyrin, luteoskyrin 7; YORRMICH TDS 
L#2%. =O oxyskyrin (CHSERRKU, XX 
ic #4) Lic AR NRRL 1175 OF MKLS<AU 
Ch), Wek NRRL 1036 CEO EERIE 
StRbnSd. FHOSHBMOMAAZ (Table 3), 
etx (Table 4) OM Wb CHE RIFLTWS. 
iets, HERERO spot-j LMR 7F RY YAITE 
SBERIEDSTMUELT VAI? VRERLATS 
X14. La», skyrin, oxyskyrin, pig-c M(t 
KEYS LAER NRRL 1175, 10386 ODZR2VEFTS 
Le HBSIRT SL, Ay b AKO ss LOM 
Me 7aAY VAI L SBE UA SHE LT, 
spot-j jt pig-c DBM (MAIL pig-c OTHE 
FULL 7 ALOMME SHEED) Ciewd FX 
bhS. ErctktH#OWR (Table 4) ®5AT 
4, oxyskyrin>(pig-c)->spot-j DOREKAS Marg S 
LRdDNS. 

{h, BURERRIC OVC ISSR IS Pad O EA RE 
& ANGE L (Fig. 1 BAR), iridoskyrin (£ luteoskyrin 
&Svvlt rubroskyrin DPOBMANSLE SAK. 
Las L, SBP HIG ALI & HI 7 5K (Table 3) 


—_—_—e» catenarin 


ip protoislandicin —> islandicin iridoskyrin 


precursor II —> precursor IV —> rubroskyrin —> luteoskyrin 
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Fig. 1. Hypothetical biosynthetic scheme of pigment formation in the mycelia of 
P. islandicum Sopp., NRRL 1036. 


Cid, luteoskyrin AR SIC HCBRENSTE MMRDWSCLERLTWSO, rubroskyrin 
DAR EHIEOT, luteoskyrin>iridoskyrin 42 > iridoskyrin LBezbhigv.. 4 TAM, irido- 
birisvs. skyrin (i islandicin + ) 33 < CHM XH (Table 

ECM EO HA (Table 4) (x rubroskyrin ) 3), LashtOWMEA islandicin OZ HLH 
WkAAB Is < feotck¥ Ch iridoskyrin OF 4% (Table 4) HX islandicin>iridoskyrin O 


January, 1961 


Bea AR LCS. 

Rubroskyrin & luteoskyrin } OBY(Kic DV. 
jt luteoskyrin 2uk4is< Wh CHMRAHS (Table 
3) Ck, BLO, THOOMEMULATS (Table 
4) = k?eLA.6, rubroskyrin>luteoskyrin Oo 
PIL 4 CHS. 

Teds, fk (tiggde (Table 4) o¥&52-Clct islandicin, 
iridoskyrin 23 rubroskyrin, luteoskyrin } 9 ix 
SIPICRERCOLERLTTWSRM, COTE is- 
landicin #éc ICE SRBOADS 
rubroskyrin ##&C luteoskyrin ICBZMKE YD 
BUSDICKERC LEAT EVAL. 

Catenarin OJB AM XH SEED 5 ic 0 (Table 
3, Exp. 1, 2), 322.5% (Table 3, Exp. 3) LT 
—felLTw7evrck, re, ReRRiae (Table 4) c 


iridoskyrin 
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spot-f LX hice he < HAF SC LeU, eS 
D A RILA RE ORM SLELZSH, TOK 
(LACH O whe SFL TUS. 

DEO RURERD 6, ASR IC ko CRES 
tic HIRE O— ih & (BIE LUT Fig. 1 CHB CRL 
TEED TRA BER & HER Liev. 

7e3s, spale Gatenbeck®)/t, ABIZ FN Lich 
Bee xICLS, 
specific radioactivity #3 rubroskyrin——luteo- 
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L, BVAA Clk rubroskyrin <> luteoskyrin Z»b6 
islandicin -© iridoskyrin ZiS42 TAS LILHY 
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Summary 


Based on the observations concerning the occurrence of a group of anthraquinones in 
the mycelia of Penicillium islandicum Sopp., NRRL 1036 during cultivation, the biosynthe- 
tic relationship among individual components was discussed. 

‘The present experiments have shown that the Shibata’s hypothetical biosynthetic sequ- 
ence (Fig. 1) holds good only with some modifications as follows: 

Iridoskyrin was always formed in the mycelia prior to the appearance of luteoskyrin 
(cf. Tab. 3). Iridoskyrin seems, therefore, to be derived neither from rubroskyrin nor 
luteoskyrin, but presumably from islandicin (Fig. 1) because of the fact that almost 
simultaneous appearance and disappearance could be observed between iridoskyrin and islandicin 
even after successive inoculation on the minimal media, whereas such a parallelism was 
not observed in the case of iridoskyrin and rubroskyrin. 

Finally, it may be noted that the Spot-i (designated by Shibata et al., 1955) was identi- 
fied as oxyskyrin by paper chromatographic method (Tab. 2). 
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Miscellaneous Note 


On the Triangular Wedge-Shaped Bamboo Piece Spawns of 
Lentinus edodes (Berk.) Sing. 
by Takashi URAYAMA* 
Received July 8, 1960 


Triangular wedge-shaped piece spawns made of wood have been very useful for 
artificial cultivation of fruit bodies of Lentinus edodes (Berk.) Sing. However, these 
have two main defects: Special machine equipment is necessary for manufacture of 
the wooden pieces and in addition to this, preservable period of the piece spawns at 
normal temperature is relatively short (about 6 to 12 months). After the longer 
preservation the piece spawns become too soft to drive them into the logged wood 
for cultivation owing to decomposition of the wooden pieces. 

The present study was done in order to avoid these defects. In other words, the 
present study was carried out to simplify the processes of the piece making and to 
avoid too much penetration of the mycelia into the wooden pieces. 

The bamboo pieces of Phyllostachys reticulata C. Koch or P. edulis A. et C. Riv. 
were available for above purpose as a result of many experiments. A short bamboo 
piece (2 to 3cm. in length) was prepared by splitting the bamboo cylinder through the 
dotted lines as shown in Fig. 1. Two kinds of the bamboo pieces obtained are shown 


Fig. 1. Making triangular wedge-shaped 
bamboo pieces from short bamboo cylinder. 
The bamboo pieces will be made by split- 
ting through dotted lines on the bamboo 
cylinder. 


Fig. 2. Two kinds of triangular wedge-shaped 
bamboo pieces. Left: Piece with outer cortical 
layer. Right: One with inner cortical layer. 
in Fig. 2. Infection of miscellaneous harmful fungi was avoided by outer or inner 
cortical layer (Fig. 2) of the bamboo piece which did not come in direct contact with 
bezel surface of the logged wood. Splitting the bamboo cylinder along the vascular 
bundles is easier than in the case of wood. 

For production of the spawns the mycelia were inoculated on the bamboo pieces 
smeared with wooden sawdust and rice bran (4:1 in weight) containing a certain amount 
of water. An addition of sugared water (0.1%)** instead of water to the mixture 
resulted in the vigorous mycelial growth (Fig. 3). 

The bamboo piece spawns thus made are illustrated in Fig. 4. The mycelial 
growth on the spawn surface and in the tissue beneath the surface was vigorous 
(Fig. 4), but mycelia in the inner tissue could hardly be found by microscope even 
after one year. 

The poor mycelial growth was observed in bamboo sawdust or wooden sawdust. 
But with the addition of rice bran the growth was highly improved. This fact indicates 


* Department of Biology, Miyazaki University, Miyazaki, Japan. 


** In the case of the production of the wooden piece spawn, the addition also brought about 
the same result. 
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Fig. 3. Influence of sugared water (0.1%) 
upon the mycelial growth in mixture of 
the wedge-shaped bamboo pieces, wooden 
sawdust and rice bran for production of 
the spawns. Age, 90 days after the my- 
celial inoculation. Left: Control bottle with Fig. 4. Triangular wedge-shaped bamboo piece 
water. spawns. 


that the mycelial growth is mainly dependent upon relatively abundant nutriment in 
the rice bran. 

Even when the amount of the mixture of the wooden sawdust and the rice bran 
which were mixed with the bamboo pieces was increased, promotion of the mycelial 
penetration into the inner tissue of the 
piece was not observed. 

That the vigorous mycelial growth was 
only observed in the tissue near the surface 
of the bamboo might be due to that penet- 


ration of nutritious substance of the rice ee. 


bran into the bamboo tissue was smaller 
than into the wooden one. 


Cc Sere, 
; 
The bamboo piece spawn was driven Pa one 
into bezel which was parallel to longitudinal 


IEEE eee 
axis of the logged wood (Fig. 5A). ———= 
When the longitudinal axis of the spawn =———S ee 
is vertically driven into the wood against 2——-A— 
the longitudinal axis of the wood, it is 
advisable to shorten the length of the piece Fete abric ior eed woot Ba Te 
in the direction of the vascular bundles longitudinal axis of the spawn is parallel to 
(Figs. 2 and 5B). that of the wood. B: The longitudinal axis of 


The writer wishes to express his cordial the spawn is vertical against that of che wood. 
thanks to Prof. Saburo Toyama and Dr. 2: Logged woods. b: Bezels into which — 
Shidai Nakayama for their encouragement SP@wns are to, be gdriven! c: Bamboo’ piece 

x nee : spawns. 
and support in publishing this paper. 


Fig. 5. Driving treatments of the bamboo 
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Relation between the Distribution of Aquatic 
Hyphomycetes in Japanese Lakes and Lake Types 


by Shizuo Suzukr* and Hiroyoshi NimurA** 


Received May 14, 1960 


Many excellent works on aquatic Hyphomycetes of fresh-water lakes have been 
published in Europe and America during the past two decades. Among the contribu- 
tions the writers recall the names of Ingold'-1!), Ranzoni! 8), Nilsson), Tubaki!®) 
and others’). These investigators, however, studied mainly the distribution and 
taxonomy of the fungi, and paid little attention to the ecology of them. The writers 
have engaged in floristic and ecological studies of the aquatic fungi for several years, 
emphasizing the relation of the distribution of aquatic Hyphomycetes and the physico- 
chemical properties of lake water. 


Experimental method 


The aquatic Hyphomycetes inhabits decaying leaves of trees fallen in lakes. 
Samples of these leaves were taken from lakes and those in stoppered bottles brought 
back into the laboratory. Six to ten leaves were collected from each lake. The 
collected materials were placed in petri dishes partially filled with autoclaved tap 
water. The specimens were allowed to stand at room temperature (15-25°) for 24 
hours or more, then the conidia were found abundantly on the submerged leaves. 
The identification of species was carried out using a low power microscope. To 
make a detailed observation the fungus was stained with lactic phenol cotton blue. 


Distribution of aquatic Hyphomycetes 


The aquatic Hyphomycetes were widely distributed in the Japanese lakes. The 
distribution of the fungi, however, differed considerably with lake types (Table 1). 
On the basis of the qualitative data obtained, it is evident that the fungus flora was 
very rich in the harmonic lakes, while it was very poor in the dystrophic and acido- 
trophic lakes. In latter case, however, certain peculiar species adapting to the dis- 
harmonic water were found in large quantity. 

Although eleven species were isolated from the harmonic lakes, Tetrachaetum 
elegans, Articulospora tetracladia, Lemonniera aquatica and Anguillospora longissima 
were the most prevalent in the lakes of this type. No aquatic Hyphomycetes, how- 
ever, could be found in Lake Chizenjiko and Towadako, which belong to the oligo- 
trophic type. 

On the other hand, aquatic Hyphomycetes were very slight or non-existent in the 
dystrophic lakes. As the lake water of this type contained large amounts of humic 
substances and reacted strongly acid, the physico-chemical specificities of the water 
may perhaps depress the activity of the fungi. Varicosporium elodeae seems to 
adapt to the dystrophic lakes. This species was found in neither the harmonic nor 
the acidotrophic lakes. 

It is a very interesting fact that Tricladium gracile var. oxyphilum and Anguillo- 
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B, Miyagi; C, Fukushima; D, Gunma; 


A, Aomori; 


* Prefectures: 


F, Nagano; G, Yamanashi. 


E, Tochigi; 


February, 1961 SuzuKI, S., et al. 53 


spora longissima dominated in the acidotrophic lakes. The distribution of the former 
species was restricted in the acidotrophic lake water containing large amounts of 
mineral elements'*). No aquatic fungus was found in Lake Katanuma and Akadoronuma. 
This is caused by the strong acidity as well as by the chemical specificity of lake 
water'®). 

Among many factors determining the distribution of species in lakes, the physico- 
chemical properties of the lake water are considered to be the most essential. The 
water of the dystrophic lakes revealed in tests strong acidity and contained large 
amounts of humic substances, while the water of the acidotrophic lakes are very rich 
in inorganic acids. The strong acidity of the water of both lake types may be too 
toxic for the aquatic fungi to distribute in them. However, the miweral salts such 
as sulfate of iron and calcium, were very effective on the growth of the aquatic fungi. 
According to the water analysis of the acidotrophic lakes, some of mineral elements 
were measured as follows: SQu:, 75-442; Fe, 0.01-278; Mn, 1.0-9.1; Ca, 32-495; Cl, 
5-202 in mg.//. These amounts of mineral elements may provide the factors that 


decide the distribution of aquatic Hyphomycetes. 


Physiological specificity of the fungi and lake type 


On the distribution of aquatic Hyphomycetes in many Japanese lakes, it is clear 
that the distribution is determined by the acidity, mineral components and some other 
factors of the lake water. To make clear the specificity of lake water to the aquatic 
fungi, some Jaboratory experiments were carried out. 

The aquatic Hyphomycetes were inoculated on yeast extract glucose agar. Under 
such conditions the mycelial growth occurred but never the conidia formation. A 
piece of mycelium of the fungi was then submerged in the lake water of different 
lake types. After this was allowed to stand for a day or two at room temperature, 
the formation of conidia was observed (Table 2). 

The conidia formation differed with the water of different lake types and dif- 
ferent species. The conidia were quickly formed in the water of the harmonic lakes, 
while they were very slight or non-existent in the dystrophic and acidotrophic lake 
water. 

The conidia of Tricladium gracile, Lemonniera aquatica and Anguillospora longis- 
sima were formed even in the water of the acidotrophic lakes. These species were 
frequently found in the inorganic acidotrophic lakes in Japan. No conidia formation, 
however, was observed in strongly acid water of Lake Katanuma and Akadoronuma. 
On the other hand, the conidia of Clavariopsis aquatica, Tetrachaetum elegans and 
Articulospora tetracladia, which were found only in the harmonic lakes, were not 
formed in the water of the acidotrophic lakes. The result was in accord with the 
observations made by the writers in the natural lakes. 

The results obtained in dystrophic lakes are very complicated. The conidia 
formation of all species occurred in the water of Lake Nagaike, while the water of 
ponds of Kinunuma High Moor very toxic to some fungi. The disharmonity in the 
distribution of fungi may be caused by the humic substances dissolved in lake water. 
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Table 2. The conidia formation of aquatic Hyphomycetes in 
the lake waters of diverse lake types. 


H | 
| Lakes LSS hSS4 8 88) Sy psy 
‘ S323 32 25/28/38 
- sf | 35 |85|2s| 2S SE 
es {Es | ss ssTsay, es 
x S| OS 5N & Ss 
| | 
Osawanuma tt | Ht tt Ht tt +t 
2 Yanaginuma +H it tt Ht Ht tt 
S Nakanuma Ht tt Ht tit Ht Ht 
Ki Harunako Ht tt tt Ht tt +t 
Yamanakako tH tt tt Ht tt Ht 
Nagaike tt tt tt tt +t tt 
‘= | Shibuike 5k pe keeled Pee ME 5 
8 | Shijthachiike sn A LO 
o Ozegahara pond + ++ + Ht 3 +f 
ra Kinunuma - ++ _ + tt +f 
Katanuma = = = a= a Ai 
3 Akadoronuma - - = = ra a 
5 Akanuma Ht - - F - tt 
s Rurinuma Hh ~ - +t - tH 
2 Aonuma Ab -+ -b + + +t 
Bishamonnuma +h + HH +t F tt 


Summary 


The relation between the distribution of aquatic Hyphomycetes and the lake types 
was studied in some Japanese lakes. The aquatic Hyphomycetes were very rich in 
both quantity and number of species in the harmonic lakes, while they were slight or 
non-existent in the dystrophic and acidotrophic lakes. Tyricladium gracile var. oxy- 
philum and Anguillospora longissima were the dominating species in the acidotrophic 
lakes, and Varicosporium elodeae was found only in the dystrophic lakes. 

The experiments were carried out in the laboratory on the effect of the lake 
water upon the conidia formation of the fungi. The conidia were easily produced in 
the water of the harmonic lakes, but never in some acidotrophic one. Anguillospora 
longissima, Lemonniera aquatica and Tricladium gracile seem to be suitable to the 


acidotrophic water containing large amounts of mineral elements. The results were 
in accord with the observation in the natural lakes. 


The writers wish to express their thanks to Prof. H. Indoh and Prof. H. Ito for 
their instructive guidance and advice. Also to Dr. S. Ichimura, Prof. T. Tatsuno 
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and T. Matsumoto, the writers are indebted for much valuable advice during this 
work. 
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Stimulative Effect of Certain Specific Bacteria upon Mycelial Growth 
and Fruit Body Formation of Agaricus bisporus (Lange) Sing. 


by Takashi URAYAMA* 


Received May 14, 1960 


Some fungi may influence the reproduction of another. Porter!) reported stimulat- 
ing effect of some fungi upon reproduction of Alternaria and Helminthosporium. 
Benedek?) and Hanzen*) demonstrated that Bacillus weidmaniensis greatly stimulated 
macroconidia production in Microsporum audouini. Reproduction of Sordaria fimicola 
was stimulated by placing Aspergillus regulosus to the same medium (Barnett and 
Lilly*). However, the author could find no valuable bibliography on the mutual effect 
between microorganisms and hymenomycetes. 

It was shown in a previous paper®) that the presence of Bacillus Psilocybe 1 (a 
species of Bacillus inducing the fruiting in Psilocybe panaeoliformis Murrill and some 
hymenomycetes, cf. Urayama®*)) increased density of mycelial colony in Agaricus 
bisporus (Lange) Sing. on yeast-sucrose agar medium in a test tube but did not induce 
the fruiting. 

It is the purpose of the present experiment to investigate influence of the bacteria 
upon fruit body formation of Agaricus bisporus using various cultural media and 
vessels. 


Material and Method 


White species of Agaricus bisporus (Lange) Sing. was used as the material. 
Horse manure compost corrupted sufficiently was adjusted to about pH 6.7 by scat- 
tering calcium biphosphate powder. At first, two kilograms of the compost were put 
in a 10 liter Erlenmeyer flask (ca. 30.5 cm. in diameter of the base) and then the surface 
was flattened by light pressing down to keep the height 6~7cm. After a while, a 
spawn (ca. 3.5cm*. in volume) was buried under the middle surface of the compost. 
Several days after initiation of the mycelial growth, the compost was covered with 
small grain of the sand with some loam (the layer of 2—2.5cm. in height). These 
flasks with cotton stopper were placed in a dark room with 70~82% relative humidity 
at 10~21°. 

Only bacteria cultured on peptone-sucrose agar medium** or yeast-sucrose agar 
one*** were mixed with sterilized water. The suspension was sprayed in and on the 
compost once before setting it in the flask and once more before putting the soil on 
it (20 days after the setting). 

Secondly, a glass pot (12cm. in depth, 20cm. in diameter of the base) and a 
wooden box**** (35 cm. deep x 25cm. x50cm.) were prepared by the same treatment 
as in Erlenmeyer flask and these were placed in the dark room with 70~80% rela- 
tive humidity at 15~20°. 


* Department of Biology, Miyazaki University, Miyazaki, Japan. 

** Four g. peptone, 20g. sucrose, 0.25g. KH,PO,, 0.25 g. CaCl,-6H,O, 0.25 g. MgSO,-7H,0, 
0.12g. KCl, trace FeCl3, 20g. agar, 1000cc. distilled water. 

*# Five g. dried yeast (‘‘Ebios’’), 20g. sucrose, 20g. agar, 1000cc. distilled water. 

*#* Tn this case, layer of the compost was 12-13cm. thick. 
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Results and Discussion 


In the experiments using the flask, the mycelial density was promoted by the 
bacterial spraying (Photo. 1), however the fruiting was not induced as this was also 
the case in test tube experiments’). 

Inadequate aeration due to cotton stopper was avoided by the experiments with 
glass pot or wooden box. The mycelial density in the glass pot (Photo. 2) was in- 
creased, and the fruit body formation was only slightly promoted by the spraying, 


Photo. 1. Stimulative effect of the bacteria upon the mycelial density on the horse 
manure compost in a Hrlenmeyer flask. Observation, 37 days after the mycelial 
inoculation. Left, a control flask without spraying the bacterial suspension. 


Photo. 2. Stimulative effect of the bacteria upon the mycelial growth on the 
horse manure compost in a glass pot. Observation, 23 days after the mycelial 
inoculation. Left, a control pot without spraying the bacterial suspension. 


that is, the bacterial effect upon the fruiting was not conspicuous as the fruit bodies formed 
on the bed were relatively few in this case (Photo. 3). When these mycelia with the 
compost were replaced in a wooden box (see below), the fruiting again occurred. 

It is probable that the mycelia in the compost which is enclosed with glass wall 
and soil or cotton stopper does not produce abundant fruit bodies. 

On the other hand, the mycelia cultured in a wooden box produced many fruit 
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bodies, especially the mycelia sprayed with the bacterial suspension initiated the fruit- 
ing 5~10 days earlier than ones without spraying (Photo. 4). Total production of the 
fruit bodies* was also increased about 30% by the treatment. 


Photo. 3. Fruit body formation on the cultural 
bed sprayed with the bacterial suspension in a 
glass pot. 


i 


Photo. 4. Stimulative effect of 
the bacteria upon the fruit body 
formation on the bed of horse 
manure compost covered with the 
soil in a wooden box. Observation, 
43 days after the mycelial inocula- 
tion. Left, a control box without 
spraying the bacterial suspension. 


28 OMAP ALEE SE ALA 


The mycelial density increased by the spraying is likely to be due to an increase | of 
available constituents in the compost. Though the mycelial density is not always 
accompanied with the fruiting, it seems that the fruiting may be connected with any 
process of the mycelial metabolism leading to the increased mycelial growth. 


Summary 


By spraying Bacillus Psilocybe 1, mycelial density and total production of the fruit 


bodies in Agaricus bisporus (Lange) Sing. were increased and initiation of the fruiting 
became earlier. 


The author wishes to express his appreciation to Prof. S. Toyama of Miyazaki 


University for his kind encouragement throughout this investigation. Thanks are also 
due to Mr. I. Tani, for his kind aid. 


* Having 2-3cm. diameter of the hut. 
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Effect of Low Temperature on Bacterial Oxidations* 


by Sumiko NAKAo** 


Received July 13, 1960 


The formation of enzymes in bacterial cells is known to be susceptible to the 
thermal conditions of culturing. In 1943 E. F. Gale!) reported that in a strain of 
Escherichia coli, the amino acid decarboxylase formation was more strongly stimulated 
when the bacterium was cultured at 30° than at 37°, while Clostridium welchti 
showed more enhanced formation of this enzyme at 37° than at 30°. 

Recently, S. Sasaki and S. Usami?) reported that in Proteus vulgaris which had 
grown more rapidly at 37° than at 24°, the formation of amino acid oxidase was 
more enhanced at 24° than at 37°. S. Usami ef al.*) have reported that in germinated 
embryos of wheat, the activity of a certain copper enzyme increased gradually on 
low temperature treatment, while that of cytochrome oxidase decreased. These re- 
sults suggest that by low temperature treatment, the copper enzyme becomes opera- 
tive as the terminal oxidase in place of cytochrome oxidase. 

In an experiment with Neurospora crassa, N.H. Horowitz and his collaborator‘) 
reported that cells showed practically no tyrosinase activity when cultured at 35° on 
a medium which was highly favourable to the production of its activity at 25°. 

The optimum temperature for the growth of bacteria lies usually between 30° 
and 37°, and therefore the temperature dependence of the oxidative activity and 
enzyme formation in bacteria has usually been studied around this range of tempe- 
rature. There are, however, bacteria known to be capable of growing at a tempera- 
ture as low as 0°. With these microorganisms, the range of temperature to be in- 
vestigated in this respect becomes much more extended. 

It is also known that enzyme activities change with cell age. According to S. 
Sasaki and S. Usami?), the activity of the amino acid oxidizing system of Proteus 
vulgaris was greater in earlier stages of cell growth. Moreover, there are reports 
that the capacity for enzymatic adaptation is related to the age of cells *). The 
purpose of the present investigation is to analyse the sensitivity to low temperature 
of the oxidizing activity of a bacterium at various stages of growth. 


Methods 


Pseudomonas aeruginosa, which was grown on 2 per cent agar slant (pH 7.2) 
containing 1 per cent peptone-broth, was used. 

For the first series of experiments, the bacterium was incubated at 30° for 30 
min., and then placed in an ice box at 5-7° for several days. During this low tem- 
perature treatment, there was no detectable change in cell number. After the treat- 
ment, the bacterium was grown at 30° for 15 hours. The cells were harvested and 
suspended in 0.9 per cent NaCl solution, washed twice by centrifugation, and re- 
suspended in the saline solution, to be used in the experiments. 

For the second series of experiments, the bacterium was grown at 30°, and cells 
in the exponential (8 hrs.) or the stationary (15 hrs.) phase of growth wiere placed in 

* Part of this study was already presented at the Annual Meetin 
Japan held at the University of Tokyo in October, 1957. 

** Department of Pharmacology, Fukushima Medical College, Fukushima, Japan. 
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the ice box for several days. Cell suspensions were made as described above. 

For the third series of experiments, the bacterium was grown at 10°, 24° and 30° 
and after various times of incubation, bacterial suspensions were similarly prepared. 

The amount of the organism in a suspension was given in terms of cellular dry 
weight. The growth of the organism was measured by viable counts or by turbidity. 
A Warburg apparatus was used for the respiratory measurements. Oxygen uptake 
was measured with alkali in the centre well and the air in the gas space. Substrates 
and inhibitors were added from the side arm. The concentration of substrates was 
M/30, unless otherwise stated. The measurement of dehydrogenase activity was 
carried out by the Thunberg method at 30° with methylene blue as acceptor. 


Results 


(1) Effect of low temperatures on the bacterium in initial phase of growth. 


a) Effect of low temperature treatment on respiration. 

The effect of low temperature treatment (5-7°) on the respiration of the bacteri- 
um in the initial stage of growth is shown in Fig. 1, in which the Qo, values for 
the oxidation of various substrates are plotted against time of cold treatment (days). 


120 


Fig. 1. Effect of low temperature on respira- 


tion of Ps. aeruginosa in initial phase g bo 

of growth. A 
Each vessels contained 0.5 ml, of bacterial | 

suspension, 0.5 ml. of M/4 phosphate buffer 3 60 


(pH 7.2) and 0.4ml. of substrate in main 
room; 0.5 ml. of 15 per cent NaOH in centre 
cup. Total volume was made up to 2.5 ml. 40 
with distilled water. Reaction temperature, 
otha 

Curve 1, acetate; curve 2, succinate; 
curve 3, malate; curve 4, formate; curve 
5, lactate. 


20 


2 4 6 8 10 
Time-length of low temperature treatment (days) 


The activities to oxidize acetate, succinate, malate and lactate were found to be 
at the lowest level (about 40-60 per cent of the control level) when the cells had 
been exposed to low temperature for a short period (about 2-3 days), to be somewhat 
recovered on further low temperature treatment. The oxidation of formate, on the 
other hand, was remarkably enhanced by a short temperature treatment (1 to 5 days 
long) and showed a maximal value when treated for 2 days which, as described above, 
correspond to the period for minimum level of oxidation of other acids examined. 
The oxidative activities toward amino acids (L-glutamate, pL-alanine, pL-phenylalanine, 
L-leucine and t-histidine) and aromatic substances (pyrogallol, p-phenylenediamine and 
L-tyrosine) remained unaffected by this treatment. 


b) Effect of low temperature treatment on dehydrogenase activity. 
The next experiments were designed to elucidate the mechanism of the decrease 
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in activities of oxidation of the organic acids studied above (see Fig. 1). Table 1 
shows the effect of low temperature on the dehydrogenase systems. 


Table 1. Effect of low temperature on dehydrogenase activity of Ps. aeruginosa 
in initial phase of growth. 

Each Thunberg tube contained 1.0 ml. of bacterial suspension, 1.0 ml. of M/4 
phosphate buffer (pH 7.2) and 1.0 ml. of methylene blue of adequate concentra- 
tion corresponding to dehydrogenase activity studied. Final concentration of 
substrates, M/30; total volume, 5.0 ml.; reaction temperature, 30°; Qmb, 
micromoles of methylene blue reduced per hour by 1 mg. of dry weight of bac- 


terial cells. 


Qmb 
Low temperature treatment (days) 
Substrate 2 eee = i 
| 0 1 2 iS 
Acetate 0 i var ge 0.07 
Succinate 0.08 0.11 | 0.14 0.12 
Malate 0 0.01 | 0.07 (Oy? 
Formate 2.04 2.95 | 4,91 3.48 
Lactate 0.12 0.12 0.39 0.28 


The activity of the organic acid dehydrogenases gradually increased on cold treat- 
ment and reached the highest level when the aerobic oxidation of these substances 
showed the lowest level (cf. Fig. 1). With more prolonged cold treatment, the dehy- 
drogenase activities decreased. 

From these findings, namely, the difference in effects of low temperature upon 
the oxygen uptake and the methylene blue reduction, it may be concluded that low 
temperature does not inhibit the dehydrogenase but inhibits the terminal oxidase in 
the cells at their initial phases of growth. 


c) Effect of heavy-metal inhibitors. 


; The effect of heavy-metal inhibitors on the respiration of the bacterium treated 
with low temperature was studied. The substrate used was succinate. The results 


Table 2. Effect of various inhibitors on respiration of cells treated with low tem- 
perature in initial phase of growth. 

The reaction mixture was the same as that shown in Fig. 1. The experiment 

of CO inhibition was carried out in gas phase of 90 per cent CO and 10 per cent 


O:. Reaction temperature, 30°. Numerals indicate the percentage of inhibition 
to the control. 


‘ Low temperature treatment (days) 
Inhibitor 
0 2 5 12 
M/1000 KCN 90 86 79 81 
M/250 8-Hydroxyquinoline 79 76 7a8 48 
M/500 Salicylaldoxime 87 76 — 44 
90% CO 0 0 0 0 
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are shown in Table 2. The oxidation of succinate by the cells not treated with low 
temperature was markedly inhibited by cyanide, 8-hydroxyquinoline and salicylaldo- 
xime but not by 90 per cent carbon monoxide. On low-temperature treatment, the 
inhibition by cyanide, 8-hydroxyquinoline and salicylaldoxime decreased gradually, but 
again carbon monoxide did not evoke any inhibition. It has been reported that intact 
cells of Ps. aeruginosa are insensitive toward CO’). 


d) Effect of pH. 
The effect of pH on succinate oxidation by the bacterium was investigated under 


the conditions similar to those described above. Table 3 shows that the activity of 


Table 3. Effect of pH on activity of succinate oxidation of cells treated with low 
temperature in initial phase of growth. 


Experimental condition was the same as that in Fig. 1, excepting pH. 


Qoz 
Low temperature treatment (days) 
pH 
0 ' 2 5 12 
5.4 | 89 | 56 112 131 
7.2 | 96 52 91 105 
8.0 96 52 91 — 


succinate oxidation by the untreated cells is lower at pH 5.4 than at pH 7.2 and pH 
8.0, whereas, on prolonged treatment, the activity becomes higher at pH 5.4 than at 
pH 7.2 and pH 8.0. No difference could be observed between values for pH 7.2 and 
pH 8.0. ; 


(2) Effect of low temperature on the bacterium in exponential and stationary 
phases of growth. 


a) Effect of low temperature treatment on respiration. 

Enzyme activities and enzymic adaptability of bacteria are known to change with 
the growth phase *°). This fact leads to the inference that the sensitivity to low 
temperature may also change during the course of growth. In order to test the 
inference, the sensitivity to low temperature of the cells in the exponential and the 
stationary phases of growth was compared with that in the initial phase of growth. 
Fig. 2 shows the effect of low temperature treatment on the respiration of bacterial 
cells collected at the exponential phase of growth at 30°. As shown in Fig. 2A, the 
activity of oxidation of organic acids and amino acids decreased progressively with 
the lapse of time of treating the bacteria at low temperature (5°). On the contrary, 
there was little decrease in activity of oxidation of aromatic substrates such as cate- 
chol, pyrogallol, u-tyrosine and pu-phenylalanine (Fig. 2B). In some of them, there 
occurred even a temporary increase in activity. The experiments with the cells in 
the stationary phase of growth (Fig. 3) gave qualitatively analogous results. 


b) Effect of low temperature on succinic dehydrogenase and cytochrome oxidase. 


A study was made on the effect of low temperature treatment on succinic dehy- 
drogenase and cytochrome oxidase. Tables 4 and 5 indicate the decrease in both en- 
zyme activities of bacterial cells treated at a low temperature at their exponential 
and stationary phases of growth. 
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Fig. 2. Effect of low temperature on respiration of Ps. aeruginosa in exponential phase 
of growth. 


Experimental condition was the same as that in Fig. 1. 

A. Curve 1, acetate; curve 2, succinate; 
curve 3, formate; curve 4, lactate; 
curve 5, L-glutamate; curve 6, DL- 
alanine. 


B. Curve 7, L-leucine; curve 8, M/250 
L-tyrosine; curve 9, M/500 catechol; 
curve 10, DL-phenylalanine. 


Table 4. Effect of low temperature on succinic dehydrogenase activity of Ps. 
aeruginosa in exponential phase of growth. 
Experimental condition was the same as that in Table 1. 


Low temperature treatment (days) 


0 5 10 


Succinic dehydrogenase activity 0.0039 0.0026 0.0017 


(Mb mg./min./mg dry wt. of cells) 


Table 5. Effect of low temperature on p-phenylenediamine oxidizing activity 
of Ps. aeruginosa in stationary phase of growth. 


Experimental condition was the same as that in Fig 1. Final concentra- 
tion of p-phenylenediamine was M/50. 


Low temperature treatment (days) 


0 | 5 | 10 
p-Phenylenediamine 
oxidizing activity (Qos) 34 


| 22 | _ 


74 
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Fig. 3. Effect of low temperature on respiration of Ps. aeruginosa in stationary phase 
of growth. 
Experimental condition was the same as that in Fig. 1. 
A. Curve 1, acetate; curve 2, succinate; B. Curve 7, L-leucine; curve 8, M/250 L- 


curve 3, formate; curve 4, lactate; curve tyrosine; curve 9, M/500 catechol; curve 
5, L-glutamate; curve 6, DL-alanine. 10, DuL-phenylalanine; curve 11, M/200 
pyrogallol. 


(3) Comparison among cells grown at different temperatures. 
a) Oxidative activities. 


Comparison was made among oxidative activities of bacterial cells grown at 
different temperatures (10° and 30°). At 10°, Ps. aeruginosa was able to grow only 
very slowly on 1 per cent peptone-broth agar and showed a 3 day-long latent period, 
the maximum growth yield being about half that at 30°. After 7 days of culture 
the organism reached the stationary phase of growth. The bacterial cells were col- 
lected at the initial, exponential and stationary phases of growth, and the oxidative 
activities were compared with those of the control in each corresponding phase of 
growth at 30° (Table 6). As shown in Table 6A, the capacity for oxidation of aro- 
matic substrates was enhanced with the progress of growth, while the ability for 
oxidation of u-glutamate decreased. The oxidative activities of the cells grown at 
30° were generally higher than those of the cells grown at 10°; here, there was no 
marked increase in activity with time of culture (Table 6B). These results indicate 
that the growth at low temperature favours the synthesis of the ring-oxidizing system 
in the cells. 

b) Effect of inhibitors. 


The effect of various inhibitors on the catechol-oxidizing activity of the cells 
grown at different temperatures (10° and 30°) is shown in Table 7. 
The effects of some of the inhibitors were slightly different according to the 
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Table 6. Comparison among oxidative activities of Ps. aeruginosa grown at different 
temperatures (10° and 30°). : : : : 
Experimental condition was the same as that in Fig. 1. Final concentrations o 
substrates were M/250 of L-tyrosine, M/500 of catechol, M/250 of pyrogallol, M/30 

of DL-phenylalanine and M/30 of L-glutamate. Reaction temperature, 30°. 3,5; 7 
and 10 days in A as well as 2, 8, 15 and 18 hours in B correspond to the initial, 
exponential, early stationary and late stationary phases of growth in each culture, 


respectively. 
A, Cells grown at 10°; B, Cells grown at 30°. Qoz 
Time of culture (days) 
Substrate . ‘ ; 10 
L-Tyrosine 16 21 32 36 
A Catechol 22 32 56 66 
Pyrogallol | 20 28 29 24 
DL-Phenylalanine 12 25 24 28 
L-Glutamate 107 95 76 76 
Time of culture (hours) 
Substrate 
2 8 15 18 
L-Tyrosine 52 41 59 
B_ Catechol = 24 35 38 
Pyrogallol — 30 15 17 
DL-Phenylalanine — 30 ! 30 35 
L-Glutamate — 130 130 135 


Table 7. Effect of inhibitors on catechol oxidizing activity of cells (stationary 
phase) grown at different temperatures (10° and 30°). 
The reaction mixture was the same as that in Fig. 1. Reaction tem- 
perature, 30°; catechol, M/500. Final concentration of inhibitors was always 
0.001 M. Numerals indicate the percentage of inhibition to the control. 


Growth temperature 
Inhibitors 
10 30 
8-Hydroxyquinoline 40 40 
Diethyl-dithiocarbamate 52 55 
KCN 58 38 
Azide 12 15 


growth temperature. The inhibition by cyanide was much higher in the 10° culture 


(about 60 per cent) than in the 30° culture (about 40 per cent). Other reagents 
caused nearly the same inhibition in both cultures. 


c) Heat stability of cells. 


Finally, the heat stability of the catechol oxidizing system was examined. The 
cells grown at 10°, 24° and 30° were collected at their respective stationary phases 
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of growth and treated for 10 min. at 40° or 50°; then, the oxidation of catechol by 
the treated cells was measured (Figs. 4 and 5). As shown in these figures, the 
higher the culture temperature, the greater was the resistivity of this enzyme system 
to high temperature. 


8 


Relative activity (% 
BS {)) 
ie) {e) 


Relative activity (%) 


30 40 50 ee a a 8 10 


Temperature of treatment (°C) Time of treatment (min.) 


Fig. 4. Effect of heat treatment (40° Fig. 5. 
and 50°) on catechol oxidizing activity 
of cells (stationary phase) grown at 


Time-course of change in cate- 
chol oxidizing activity at 50° of cells 
(stationary phase) grown at various 


various temperatures (10°, 24° and 30°). 


The reaction mixture was the same 
as that shown in Fig. 1. Reaction 
temperature, 30°; Catechol M/500. 

Curve 1, cells grown at 10° for 10 
days; curve 2, cells grown at 24° for 
24 hrs., curve 3, cells grown at 30° 
for 18 hrs. 


temperatures (10°, 24° and 30°). 
The reaction mixture was the same 
as that in Fig. 1. Reaction tempera- 
tures, 30°;Catechol M/500. 
Curve 1, cells grown at 10° for 10 
days; curve 2, cells grown at 24° 


for 24 hrs.; curve 3, cells grown 
at 30° for 18 hrs. 


Discussion 


In the above-described experiments, it was shown that the effects of low tem- 
perature treatment on the bacterial capacity for oxidation change with the growth of 
the organism (Figs. 1, 2 and 3). In fact, the effect of low temperature-treatment on 
the oxidative activity of the cells in the initial growth phase was remarkably dif- 
ferent from that in the exponential or the stationary phase. In the case of the cells 
in the initial phase, the activity of the oxidation of organic acids, except formate, after 
decreasing for a time, gradually recovered the original level. The oxidation of amino 
acids was, however, little affected. On the other hand, the oxidation of organic acids 
and amino acids by cells in the exponential or the stationary phase decreased gradu- 
ally, never regaining the activity level of the untreated cells. On low temperature 
treatment of the cells in the initial phase of growth, it is probable that the enzymes 
of the terminal oxidase system are affected. But in the cells at other growth phases, 
both the dehydrogenases and the terminal oxidase system seem to be simultaneously 
affected. 

It will be natural to assume that the cells in the initial phase of growth are dif- 
ferent in their metabolic pattern from those in the later phases of growth. Recently, 
in the studies on the respiratory enzyme system of Bacillus cereus*), it has also been 
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shown that the status of the respiratory enzyme system in the cell changes with the 
growth stages. Thus the respiratory enzymes were suggested to exist in a soluble 
state in the early stage of growth and later become combined with cell particles. It 
is possible that low temperatures as examined in the present study cause a physical 
change with respect to soluble vs. particulate state of the cellular enzyme systems. 

The effect of low temperature on the oxidation of aromatic substances by this 
bacterium differed from the above-stated in that the oxidation of these substances was 
not inhibited by low temperature treatment, irrespective of the growth phase of the 
cells. Moreover, in cells grown at 10°, the oxidation was found to be enhanced to 
some extent with time of culture, suggesting that the low temperature accelerated 
the synthesis of the enzyme systems responsible for the oxidation of aromatic sub- 
stances. It has also been reported that low temperature is favourable to the forma- 
tion of tyrosinase in microorganisms, insects and plants* * 1°). 

As shown in Table 7, the effect of inhibitors on the enhanced catechol oxidation 
in cells grown at 10° was not very significantly different from that observed in those 
grown at 30°. Figs. 4 and 5 show that when the culture temperature was lower, the 
catechol oxidative system was more susceptible to high temperature treatment (40°- 
50°). In Pseudomonas, catechol is known to be metabolized by pyrocatechase'') and 
it may be assumed that the action of low temperature is favourable for this enzyme 
system. 


Summary 


Effect of low temperature treatment on oxidation in Ps. aeruginosa at different 
growth stages was studied. It was shown that the susceptibility to low temperature 
treatment of the cellular oxidation system in the initial phase of growth is different 
from that of cells in the exponential or the stationary phase. In the initial phase of 
growth, the oxidation of various organic acids, except formate, is at the lowest level 
at about 2-3 days of low temperature treatment, but oxidations of amino acids and 
aromatic substances are little affected by low temperature. This decrease in activity 
of organic acid oxidation is not attributable to the decrease in dehydrogenase activi- 
ties. In other phases of growth, the activity of oxidation of organic acids and amino 
acids gradually decreases with time of low temperature treatment, owing to the de- 
crease in activity both of dehydrogenase and terminal oxidase systems. The oxida- 
tion of aromatic substances is stable to low temperature treatment. Low growth 
temperature favours the synthesis of the phenol-oxidizing system. 


These experiments were performed in the laboratory of plant physiology, Faculty 
of Science, Hokkaido University. 

The writer acknowledges the helpful suggestion and criticism of Professor Sho- 
ichiro Usami during the course of this work. She would also like to thank the mem- 


bers of the Department of Botany, Faculty of Science, Hokkaido University, for 
valuable discussion. 
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Leaf Growth as Influenced by Dry Matter Production* 


by Toshiro SAEKI** 
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Yield ultimately depends upon the efficiency of the photosynthetic processes and 
upon the extent of the photosynthetic surface'). Recent investigations have revealed 
that these two components of growth are not necessarily independent of each other, 
for example, a thick development of foliage ina plant community results in decrease 
of photosynthetic efficiency” *). On the other hand, it is quite natural that growth of 
leaves is affected by the photosynthetic rate, because major constituents of leaves 
originate from photosynthate. The importance of this fact has, however, often been 
overlooked and thereby some erroneous conclusions have been drawn. For example, 
Milthorpe, referring Ashby and Wangermann’s results‘), stated that the difference in 
final size of leaves developed at different seasons was owing mainly to the influence 
of environment on cell division, because the number of cells per leaf was influenced 
by season while final cell size was much the same regardless of season®). The same 
size of cell, however, cannot be realized without supply of different amount of matter 
corresponding to the different number of cells. This different amount of matter is 
none other than a resultant of different effects of environmental conditions upon 
the dry matter production. 

This paper is primarily concerned with dry matter production as an essential 
determinant of leaf growth. Moreover, a further attempt will be made to adopt the 


obtained results to the interpretation of the vertical distribution of leaves in a plant 
community. 


Relation between growth and matter production in individual 
leaves of a plant 


Younger growing leaves of herbaceous plants are always situated near the shoot 
apex, and the growing region shifts upwards with the proceeding stage of growth. 
In order to visualize the upward shift of the growing region the author determined 
dry weights of individual leaves at every insertion at intervals of two or three days 
using green gram plants (Phaseolus viridissimus) as material. The seeds were sown 
in square disposition at a spacing of 10cm. in a plot at the Experimental Farm of 
the Tokyo University of Education. After germination thinnings of population were 
made so frequently that no mutual shading occurred. Changing features of photo- 
synthetic capacity in individual leaves of this material plant have already been de- 
scribed in a previous paper®). For dry-weight determination of leaves and other 
organs, 15-20 sample plants were taken every sampling occasion. The results of 
leaf-weight growth at every node of stem are summarized in Fig. l-a. With pro- 
gress of time the most vigorously expanding region removed upward along the stem. 
This by no means implies that mature leaves have ceased matter production. Young 
leaves owe at least a part of their constituents and formative energy to the substances 
produced in mature leaves. The quantitative estimate of this bearing was done by 
calculating the amount of photosynthetic product for four days (2 to 6, Sept.), on the 
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Node number 


8/20 Plants 8/20 Plants 


Fig. 1. a: Change of mean dry weight of individual leaf at each 
node of a green gram plant. Nodes are numbered from the first 
foliage leaf. The numbers at the curves indicate the date, from 17 
Aug. to 14 Sept. b: Relationship between calculated amount of photo- 
synthesis in C,H,,O; (broken line) and realized dry weight incre- 
ment (solid line-IX.6), in individual leaves. 


basis of the photosynthetic capacity reported in a previous paper®) and of the weather 
conditions at corresponding stage, particularly the diurnal change of radiation. The 
results of the calculation were shown in Fig. 1-b. It is evident that the broken line 
indicating the amount of photosynthetic product runs quite differently from the solid 
line showing realized growth in weight of each leaf; the first to third leaves (num- 
bered from the base) must have supplied their photosynthate to the younger leaves, 
and the fourth to sixth leaves thereby increased their weight more than they could 
by themselves. 

We may, therefore, assume some competition among successive leaves as well as 
different organs for acquiring photosynthetic product. The competition among organs 
should determine the ‘distribution ratio’’) in photosynthetic product among respec- 
tive organs. Similarly the competition among growing leaves should determine the 
‘distribution ratio’ in photosynthetic product among respective leaves. Fig. 2 shows 
such ‘distribution ratio’ calculated from the daily growth of individual leaves of green 
gram plants. A noticeable fact that can be drawn from Fig. 2 is that the shape of 
the time trend of the ‘distribution ratio’ was roughly symmetric and not much dif- 
ferent among the successive leaves, despite the fact that their final weights diverged 
very widely. The case is not altered, if leaf growth is expressed on an areal basis 
in stead"of a dry weight basis. As inevitable deviations involved in the sampling 
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Fig. 2. Distributional pattern of photosynthetic product in suc- 
cessive leaves of green gram plants. 
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prevent the generalization of this finding; a further precise experimentation should 
be performed to present more reliable evidence. 


Distribution of product among successive leaves of a plant 


The following experiments were designed; tobacco plants (Nicotiana tabacum L. 
‘BrightYellow’) were grown in wooden boxes (32 x 32 cm. and depth 9 cm.) within a light- 
and temperature-controlled growth cabinet from 14 February to 5 May, 1958. Ten 
fluorescent lamps (40 W, Mazda-white) as light source continuously illuminated 
material plants throughout the experiment. At the beginning of the experiment the 
illumination at the soil surface was 6000 lux. The temperature within the cabinet 
was regulated to 25°-++1°. These conditions ensured apparently sound growth of 
tobacco plants without excessive stem elongation. After germination, seedlings with 
cotyledons were transplanted from a petri-dish to the wooden boxes filled with loamy 
soil, in two modes of planting—single and dense plantings. In the former only three 
seedlings were planted at about the centre of a box, and after rooting one healthy 
seedling was left, the other two being eliminated. In the case of dense planting the 
seedlings were planted two each at 5x5 positions, in square disposition with a con- 
stant interval of 6cm., and after rooting only one of the two was left behind at 
every position in order to make the population uniform. Every other day each box 
was sprayed with one litre of Boysen Jensen’s culture solution at a 1/5-concentration. 

Leaf area (S) was assessed by measuring two measures of lamina; the one is the 
widest width of lamina (a), the other the length of lamina (0), i.e. from the tip to 
the base of the lamina. The latter was decided in a large leaf with vague basal 
point, as an intersection of extensions of both inside-concave periphery lines. 
The area S estimated as an ellipse by applying S=z/4-ab is compared with actual 
area measured by a planimeter in Fig. 3, being plotted in logarithmic scale, to admit 
a wide range of data. In the range of area so far measured, the estimated area was 
proportional to the actual area (0.93:1), because the plots fell along a straight line 
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having a gradient of 45° with small deviations, irrespective of the lanceolate shape 
of larger leaves. 

Developmental courses of successive leaves shown in Fig. 4 are of identical nature 
with those obtained by Milthorpe*®), Biinning and Konder®), et al. The singly-grown 
plant increased its total leaf area almost exponentially up to four weeks after trans- 
planting, while the centrally-placed plant in the dense population, the representative 
of an individual in a plant community, ceased the exponential increase after about 
three weeks. This growth retardation was undoubtedly caused by the overshadowing 
of the neighbouring plants. 


Fig. 5. Distributional pattern 
of photosynthetic product in suc- 
cessive individual leaves of tobac- 
co plants cultivated under the 
condition of constant illumination 
and temperature. The first curve 
is for cotyledons, the next, for the 
first leaf, and so on. a, observed 
in a solitary plant; b, observed in 
a plant from the dense planting; 
a’, calculated for the solitary 
plant; b’, calculated for the plant 
from the dense planting. 


In Fig. 5-a, b, is shown the percentage of daily area-increment of successive 
leaves in relation to the total increment of leaf area. The curves are quite similar 
to the results obtained in the foregoing field experiment with green grams. The first 
to fifth leaves gave the same shape of time trend. From the sixth leaf onward the 
maxima of the curves became smaller and smaller in the solitary plant together with 
accelerated leaf appearance, while reverse was the case in the populated plant. Apart 
from these, a remarkable point is that the shape of every curve did not lose its sim- 
metry notwithstanding a great diversity in final leaf areas among the levels of in- 
sertion and between both sorts of planting. Dry weight per area of leaf increased 
to some extent with progress of node number, and the increase was notably steep at 
small top leaves. Nevertheless, when leaf growth is expressed on a weight basis 
instead of areal basis, the finding obtained here still persists. 

These characteristic growth patterns have lead to a hypothesis that the internal 
force of every leaf to attract raw materials for its own growth follows the equal 
shape of time trend, like the ‘normal probability curve’ or ‘differentiated sigmoid 
curve’. According to this hypothesis, changes of form of the distribution curves 
must be merely a natural consequence either of accelerated or retarded leaf ap- 
pearance. This can be proved by testing whether the experimentally obtained distribu- 
tion curves (Fig. 5-a, b) will reappear, when this hypothesis is reversely employed 
in the theoretical calculation of ‘distribution ratio among successive leaves’. This 
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procedure was practised by using one and the 
same ‘differentiated sigmoid curve’ as shown 
in Fig. 6 for every leaf. The theoretical 
curves which were induced by combining this 
original curve with the actually determined 
plastochrone were provided in Fig. 5-a’, b’, for 
the solitary plant and populated plant, re- 
spectively. We can see that the curves obtain- 
ed are quite similar to the experimental ones 
in both cases, in other words, the introduced 
SO EI a er Pa hypothesis could explain the experimental 
Fig. 6. Differentiated sigmoid results without any contradiction. 
curve employed for obtaining the According to Avery®) cell division in 
curves of Fig. 5-a’, b’. tobacco leaves enters into cessation when 
leaf area reaches 1/6 to 1/5 of its final size and further expansion of leaves is caused 
solely by cell enlargement. Most recently, however, Sunderland’’) has followed the 
developmental changes in volume and number of leaf cells of Helianthus annuus and 
Lupinus albus by a revised technique and come to a conclusion that cell division goes 
on for a considerable period of time and further leaf expansion after cessation of cell 
division is comparatively small. The time trend of increase in cell number of an 
individual leaf corresponded closely to symmetrical curve. The frequency of cell 
division in the leaf, therefore, seems to be reflected in the characteristic symmetry 
of the material-attracting power mentioned above. Further, he stated in his discus- 
sion that the duration of cell division of sunflower leaves is much longer in the tenth 
leaf than in the second paired leaves. This is inconsistent with the hypothesis in 
this paper where the identity of the duration of every leaf growth is assumed. Inspec- 
tion of his data, however, clarifies that the period from initiation to cessation of cell 
division is 66 days for the second pair of leaves (Fig. 2 in his paper) and 74 days 
for the tenth leaf (Fig. 3 in his paper). The difference of 12% between these periods 
is very small if compared with the differences, 450% in cell number, 180% in leaf area 
and 190% in fresh weight of leaf. Wecan draw, therefore, rather a reverse conclusion 
that duration of cell division is not much different between the two sorts of leaves. 
Ashby and Wangermann‘) indicated that with Ipomoea purpurea the duration of 
growth of individual leaves did not vary much and showed no trend either with 
level of leaf insertion or date of sowing. 


Cause of difference in plastochrone 


Then occurs there a question as to the cause of difference of plastochrone or leaf 
production. In the original sense ‘plastochrone’ denotes the time interval between 
differentiation of successive leaf primordia, yet they are very small and hidden from 
the naked eye, and we cannot easily determine their growth inception. As _plas- 
tochrone, therefore, the author conveniently determined the time intervals between 
the maxima of the curves showing the time trend of the ‘distribution ratio’ between 
successive leaves. The difference in plastochrone as produced by the two sorts of 
planting, if any, must be ascribed to the difference either of external or of internal 
factors of plant. In the experiment with tobacco plants there was no difference in 
the general environmental conditions. Although in the dense planting the lower 
leaves were suffering from a considerable depression of illumination, the stem apex and 
upper leaves were accepting full illumination. In addition, the solitary plant was 
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accepting the same intensity of light throughout growth, yet the plastochrone de- 
creased with growth of the plant. Thus the direct effect of light fails to interpret the 
changes in plastochrone. On the other hand, one of the internal factors to be likely re- 
sponsible for the changing plastochrone is the amount of dry matter production itself. It 
is highly presumable that high production stimulates a plant to accelerate leaf emergence 
or growth inception of leaf primordia, while low production depresses it. Being favour- 
ed with sufficient light intensity, solitary plant progressively increases its matter pro- 
duction with expanding total leaf area. If plastochrone were constant, the amount 
of photosynthetic product would, in a short time, exceed the protein-synthetic capacity 
of the expanding leaves. 


Productivity as a limiting factor of leaf growth 


Leaf growth has been an object of interest on the view of hormonal control. 
Adenine"), kinetine’?), coumarine!*) and some inorganic metals) have been recognized 
to promote expansion of leaf disks or etiolated leaves of some species. No evidence 
has, however, been presented hitherto such hormone-like substances were restricting 
leaf growth of a healthy plant under natural conditions. Then, what can be the cause of 
difference in size between successive leaves? One may ascribe it to the genotypical 
characters of the species, but it is obvious that, by varying environmental conditions, 
a large variety of leaf area can be produced even at the same insertion. In the 
analyses of the growth response of leaves to the environmental conditions, many 
investigators have recognized concerning leaf growth rate two separate components, 
the rate of cell division and that of cell enlargement. These two attributes are, 
however, in reality not independent of each other; in the case of the same level of dry 
matter productivity, high rate of cell division must of necessity result in small cell 
size. It is therefore rather reasonable to separate the factors of leaf growth rate 
into cell division and dry matter productivity instead of cell enlargement. 

From the experimental results described above, it follows that in vigorously 
growing plants the amount of raw materials for synthesis of protein, cellulose, etc. 
can limit leaf growth. In this case the dry matter productivity and the competitions 
both between organs (leaves, stems, roots etc.) and among individual growing leaves 
determine the growth rate of each leaf. In other words, final leaf size depends upon 
the magnitudes, at the time when the leaf expands, of the following three major 
factors; 1, dry matter productivity of the whole plant; 2, proportion of the total foliage 
growth to the total dry matter production; 3, plastochrone. The first and the second 
determine the total leaf growth of the whole plant and the third determines the amount 
of material incorporated in each of the expanding leaves. It is fairly familiar that 
the widespread technique of ‘topping’ to accelerate the growth of lateral shoots also 
causes appreciable expansion of the remaining leaves. This is a natural consequence 
of decreased number of expanding leaves, i.e. of weak competition among them. 
In the same way, in plants projecting lateral shoots, leaf production occurs at several 
growth centres and consequently, many small, but rather uniform, leaves result. 

If the time trend of material-attracting power is expressed by an identical curve 
common to every leaf, the proportion of distribution of produced matter into individual 
leaf varies again along a curve which is similar to the original curve but the maximum 
of which depends on the number of expanding leaves and, accordingly, on plastochrone. 
As daily weight increment of a leaf is the product of the two factors—daily incre- 
ment in the total leaf weight (4F) and distribution ratio of photosynthetic product in 
this leaf (D)—the size of m-th leaf (Ln) at ¢ days after growth inception of the 1st 
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leaf will be shown in the following formula; 

4H - exp(—AT) (1) 
{1+exp (—AT)}? 

[T=t—(n—1) t—A] 


where J is a constant, and A is regarded practically as a constant for all leaves, 
because it stands for the time interval from the inception of growth of each pri- 
mordium to the stage possessing the maximum ‘distribution ratio’. So far as plas- 
tochrone tc is constant, the maximum ratio of distribution of photosynthetic product 
into each leaf, H, is also constant. The smaller the value of rt, the smaller the value 
of H, and vice versa. The interrelation can be expressed by the following formula 
and was graphically shown in Fig. 7. 
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Fig. 7. Maximum distribution ratio 
H as related with plastochrone t. 
Calculated from Equation (2). 


Theoretical course of leaf growth 


Daily weight increment (4F) in the whole leaf of a plant originates in the daily 
surplus production (P) produced by the foliage. P can be formulated as a function 
of leaf area index (LAI=F) and light intensity, as seen in a previous paper). 
Therefore, if proportion (€), in which a part of surplus production is synthesized into 
the constituents of expanding leaves, and conversion constant (6) from leaf area to 
leaf dry weight (‘leaf dry matter index’ after Totsuka and Monsi)!*), are given be- 
forehand, the time course of the magnitude of 4F (or 4F) should easily be calculated. 
The procedure will be interpreted as follows: Let initial LAI be F). From the curve 
showing F-daily surplus production relationship (see Fig. 5 in a previous paper?)) 
one can obtain the surplus production P, at My, hence in the following day dry 
weight increment of the whole leaves 4F=€Po, and total dry weight of leaves per 
unit ground area of the plant community, Fi=Fo+€Po. The surplus production at 
Fi(=F'/0), Pi, is read again from the said figure and so on. Fig. 8 gives a typical 
change of 4F obtained through such procedure. According to this figure and Equa- 
tions (1) and (2), one can now obtain the time course of growth of each individual 
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leaf. One of such examples is illustrated on the system 
of node number-leaf area-coordinates in Fig. 9. The 11 
analyses made in the present paper find sufficient justifica- 
tion in the fact that the curves in this figure are quite 
of the same nature as in Fig. l-a. Furthermore, it is 
quite natural that the curves presented in Fig. 9 resem- 
ble the vertical distribution of photosynthetic system 7 
in a plant community”), because the numerical order 
of leaf insertion runs roughly parallel with the height 


30 days 


5 
of each leaf, and a plant community is made up from 
individual plants. In this respect details will appear 
in the following paper. 3 
1 — 
Summary 0 05 10 br 


0 15 30 Sym? 


1. The growth courses of individual leaves were Fig. 9. Calculated leaf 
pursued in green gram plants under field conditions, SR Ln ee Ay ROE 
and in tobacco plants under continuous illumination jation is based on Figs. 78 
and at constant temperature of a growth cabinet. and Equation (1). 

2. In each of successive leaves on the main stem of a green gram plant, com- 
parison was made between the amount of dry matter produced by photosynthesis 
and the amount of dry weight increased during the same time interval (Fig. 1-b). 
The comparison indicates that for the growth of younger leaves supplementary 
material must be imported from older leaves. 

3. It was postulated that an expanding leaf has an ‘internal force’ whereby the 
leaf attracts raw materials for its own growth. The curve that shows the time trend 
of the internal force resembles the ‘normal probability curve’, and is quite of the 
same shape for every leaf along the main stem. 

4, In the tobacco plants as exposed to continuous illumination, constant tempera- 
ture and sufficient nutrient condition, plastochrone appears to be influenced only by 
dry matter production of the whole plant. 

5. Final leaf size depends upon the magnitudes, at the time when the leaf ex- 
pands, of the following three major factors: i) dry matter productivity of the whole 
plant; ii) proportion of the total foliage growth in dry matter to the total dry matter 
production; iii) plastochrone. The first and the second determine the absolute 
quantity of dry matter in total foliage growth of the whole plant, and the third 
determines the amount of dry matter incorporated into each of the expanding leaves. 

6. In plants devoid of branching, individual leaf size at any insertion at any 
time can be given in Equation (1), if daily increase of the total leaf amount (4F) or 
of the total leaf area (4F) is given beforehand. The change of AF with time is shown 
in Fig. 8, which was drawn on the basis of the data in a previous paper’), and the 
leaf amounts at different days were calculated thereby from Equation (1), the result 


being illustrated in Fig. 9. 


The author wishes to express his cardial thanks to Prof. M. Monsi for his in- 
valuable advice. 
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Since the term of spirillum was originated by Ehrenberg’”), many organisms were 
described under the genus Spirillum by some investigators. However, the descrip- 
tions of the species reported prior to Giesberger®) are so incomplete that they cannot 
be employed for the diagnosis of species. Giesberger’s investigation on the genus 
Spirillum is most detailed and so important for the research in this part. According 
to him, the diagnosis of the genus Spirillum is as follows: ‘‘ Spiralformig gewundene, 
starre Zellen, welche beweglich sind mittels bipolarer Geisselbiindel. Das Vermégen 
zur Endosporenbildung fehlt. Gram-negativ. Katalase positiv. Chemo-heterotroph; 
oxydieren verschiedene organische Substanzen, vorzugsweise Salze organischer Sauren. 
Im allgemeinen tritt Volutin als Reservestoff auf.’’ On the basis of his own data and 
a thorough review of the literatures, he has differentiated nine species: Spirillum 
undula (Miller) Ehrenberg, Sp. serpens (Miiller) Winter, Sp. volutans Ehrenberg, 
Sp. tenue (Miller) Ehrenberg, Sp. minus Carter, Sp. kutsheri Migula, Sp. virginianum 
Dimitroff, Sp. cardinopyrogenes Sardjito and Sp. itersonii nov. sp. Lately Cayton and 
Preston‘) isolated a new species of Spirillum, Sp. mancuniense. The description of 
this genus in Bergey’s Manual of Determinative Bacteriology’) is based on the 
monograph by Giesberger®). It, however, differs from the description in Giesberger’s 
in the retention of Sp. lifoferum Beijerinck and in the exclusion of Sp. cardiopyrogenes, 
Williams et al.°) have isolated many species of Spirillum and have described the fol- 
lowing ten new species and two new varieties of Spirillum: Sp. linum, Sp. lunatum. 
Sp. curvatum, Sp. polymorphum, Sp. anulus, Sp. giesbergeri, Sp. beijerinckit, Sp. 
atlanticum, Sp. graniferum, Sp. sinuosum, Sp. serpens var. azotum and Sp. itersonit 
var. vilugatum. In the same paper, they have proposed a key to the species of the 
genus Spirillum based on their own data and previous work. More lately Watanabe’) 
isolated four new halophilic species of Spirillum from some marine shell fishes: Sp. 
japonicum, Sp. halophilum, Sp. maritimum and Sp. minitrum. 

The present author succeeded in isolating a new species which could be classified 
under the genus Spirillum from a fresh water snail, Semisulcospira bensoni (Philippi) 
which had putrefied in his laboratory. The spirillum has been purely cultivated in 
vitro for about two years. This paper deals with the isolation and with the mor- 
phological, cultural and physiological characteristics of the spirillum. 


Isolation 


Source of materials: Semisulcospira bensoni (Philippi) was collected, in August 
1958, at the same place as in previous paper®) reporting a new species of Cristispira 
living in the crystalline style. Microscopic observation of the culture medium containing 
the putrid shell fishes revealed a large number of various spiral organisms moving around 
together with other microorganisms. These spiral organisms were preliminarily 
cultured in a Petri dish full of sodium chloride solution (0.1%, w/v) containing the 
broken putrid shell fishes. Then the pure culture was made by using the solution 


* A part of this study was presented at the Annual Meeting of the Chagoku-Shikoku. 
Branch of the Botanical Society of Japan, held at Matsue in May 1960. 
** Biological laboratory, Suzugamine Women’s College, Hiroshima, Japan. 
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for isolation which was composed of 5g. peptone, 3g. yeast extract, 1g.- sodium 
chloride, 200 m/. shell fish extract and 800 m/. water. 

For preparation of the shell fish extract, 500 ml. of water was added to 250g. of 
the broken shell fishes, and boiled over free flame for 20 min. Then the extract was 
filtered. For the preparation of solid media, agar powder was incorporated into the 
liquid media at the rate of 0.7% (w/v). The pH of the media was adjusted at 7.0 
to 7.2 before sterilizing. 

Method of isolation: The surface of five agar plates was successively streaked 
with one loopful of the putrid medium, and these plates were incubated at 20°. 
After several days of incubation, each colony grown on the plates was transferred 
into the tubes containing the liquid media. From these cultures, a new species of 
Spirillum, Sp. putridiconchylium nov. sp. was obtained. Subcultures were made by 
transferring to the shell fish extract media or to nutrient broth or agar. 


Culture media and cultural condition for the identification 
of the spirillum 


The nutrient broth employed was of the following composition: extract of beef, 
5 g.; peptone, 3g.; distilled water, 1000 m/. As the solid medium, a 0.7% (w/v) nutrient 
agar or a 12% (w/v) nutrient gelatin was prepared. The pH of these media was 
adjusted at 7.0 to 7.2, which was the optimum pH for the growth of the spirillum. 
For testing of carbon or nitrogen source for the growth of the spirillum, single carbon 
or nitrogen compound was added to the said media, after Williams’ procedure®). The 
temperature of incubation was 35°, which was the optimum temperature for the 
growth of the spirillum. The growth rate was determined by turbidity measured 
with an Erma photoelectric photometer. 


Description of Spirillum putridiconchylium nov. sp. 


(1) Morphological characteristics 


Vegetative cell: The spirillum grown in the nutrient broth after incubating for 
24 hrs. at 35° has a spiral-, S- or vibrio-shaped body, with obtuse ends. It is 
5 to 604 in length (many are 5 to 304), and 0.8 to 1.0% in diameter. The waves 
are 1 to 7 in number (many are 1 to 4 in number). The wave length is 5 to 7 yz, 
The width of the wave is about 24. Refractive granules are present or absent 
with different individuals. The spirillum moves to either direction with equal rapidity 
and facility, rotating counterclockwise through the medium. In old cultures, the vegeta- 
tive cells predominate and the microcysts are not found. The spirillum obtained from 
a colony on the nutrient agar plate after incubating for 24 hrs. at 35° is shorter than that 
in the nutrient broth. Many show the vibrio- or the S-shaped form, and are 3 to 
10 in length. But occasionally the spirillum reaches a length of 20 Mor more. The 
diameter of the body is almost the same as that of the organism grown in the nutri- 
ent broth. Concerning the refractive granules, no differences were observed between 
the spirillum grown on agar and that grown in broth. The spirilla begin to move as 
soon as they are transferred into the liquid media. 

Stained cell: Both the spirillum grown in the nutrient broth and the spirillum 
obtained from the colony on the agar exhibit almost the same staining features 
When the spirillum cultivated for 24hrs. at 35° is stained with Loffler’s eihyiene 
blue, it shows somewhat different appearance, such as (1) the so-called transverse- 
barred or the chambered appearance in which some unstained portions are distributed 
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in the pale cytoplasm along its length, (2) the appearance which is uniformly colored blue 
without showing any structure, or (3) the appearance which shows one to several 
volutin granules, taking purplish-red color, scattered in the body dyed uniformly blue 
or revealing the transverse-barred appearance. The volutin granules are most 
abundantly found in the spirillum after incubating for 3 days. The flagella are readily 
stained by Lofflers method. Most of the organism in young cultures have one flagel- 
lum at each pole of the body. The flagella increase in number as the culture ages. 
The spirillum obtained from a colony incubated for two or more days has a tuft of 
several flagella. The spirillum in the nutrient broth has less flagella than the spiril- 
lum obtained from a colony on agar. The spirillum is Gram-negative. 


(2) Cultural characteristics 


Agar colonies: Growth is speedy. After incubating for 24hrs. at 35°, surface 
colonies are punctiform or circular (0.8 to 1.2mm. in diameter), smooth, entire, finely 
granular, low convex, creamy-white, opalescent, and have a ground-glass appearance 
when they are viewed with the hand lens with transmitted light. Deep colonies are 
smaller than the surface colonies, and are round, elliptical, spindle or irregular. 

Gelatin colonies: Colonies are seen with the naked eye after 2 days at 20°. 
After incubating for 7 days at 20°, surface colonies become circular (1.0 to 1.2mm. 
in diameter), smooth, undulate or lobate, coarsely granular, umbonate, brownish-white, 
opaque, and the centers of the colonies are brown when viewed with the hand lens. 
Deep colonies are similar to the surface colonies except that the size is small (0.5 to 
0.8mm. in diameter) and that the edge is undulate, lacerate or lobate. 

Agar stroke: Growth is moderate, beaded, creamy-white, glistening and brittle. 
Fetid odor is absent, and the medium remains unchanged. 

Agar stab: Growth is seen along the entire stab and on the surface, but scanty 
in the lower part of the stab. The line of puncture is papillate, and the medium is 
unchanged. 

Gelatin stab: Growth is seen along the entire stab, but it is scanty in the lower 
part of the stab. Growth on the surface is limited at the point of puncture. The 
line of puncture is villous or beaded, and the gelatin is very slowly liquefied in cra- 
teriform. After 5 weeks, liquefaction is about 7mm. in depth. 

Nutrient broth: Growth is speedy. In 24hrs. at 35°, thin membraneous masses 
develop on the surface, and a thin ring develops along the tube wall. The medium is 
turbid. The masses are precipitated by slight stimulus. The ring becomes weaker 
with the culture ages, and disappears in about 5 days. The broth becomes clear in 
about 2 weeks. Sediments diffuse uniformly by shaking the tube. Fetid odor is absent. 

Potato: No growth occurs. 


(3) Physiological characteristics 

The spirillum grows only in the range about 3mm. from the surface of the 
medium in shake culture. It does not reduce nitrate to nitrite, and does not pro- 
duce indole and hydrogen sulfide. Catalase is not produced by growth on the nutrient 
agar. The spirillum produces neither acid nor gas from glucose, fructose, sucrose, 
lactose and mannitol. Litmus milk remains unchanged. The optimum temperature for 
growth is 35°. The organism can grow at 40°, but not at 44°. The optimum pH 
for growth is 6.4 to 7.4, and growth can be initiated between pH 5.6 and 9.2. Methyl 
red and Voges-Proskauer reaction are negative. The spirillum utilizes ammonium 
salts and asparagine as a sole nitrogen source in synthetic media, but not nitrate and 
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Spirillum putridiconchylium nov. sp. 
Fig. 1. Vegetative cells moving slowly in the nutrient broth after incubating for 24hrs. 
at 35.° «1500 (photographed with a dark contrast phase microscope). 


Figs. 2 to 3. Specimens stained with Léffler’s methylene blue. 1500. The cells in Fig. 2 
are obtained from a colony grown on the nutrient agar plate after 24hrs. at 35°. The 


cells in Fig. 3 after 72hrs. at 35°., and two spirilla among them contain the volutin 
granules. 


Figs. 4 to 5. Flagella-staining by Léffler’s method. x1500. The cells in Fig. 4 are obtained 


from a colony grown on the nutrient agar plate after 24hrs. at 35°. The cells in Fig. 
5 after 72 hrs. at 35°. 


Fig. 6. A surface colony on the nutrient agar plate after 24hrs. at 35°. x30. 

Figs. 7 to 10. Deep colonies on the nutrient agar plate after 24hrs. at 35°. x30. 

Fig. 11. A surface colony on the nutrient gelatin plate after 7 days at 20°. x30. 

Fig. 12. The edge of the same colony as in Fig. 11. x90. 

Fig. 13. A deep colony near the surface of the nutrient gelatin plate after 7 days at 20.° x30. 
Fig. 14. The edge of the same colony as in Fig. 13. x90. 


fae ee fonts colony far from the surface of the nutrient gelatin plate after 7 days at 
<3: 


Fig. 16. The edge of the same colony as in Fig. 15. x90. 


February, 1961 TERASAKI, Y. 83 


urea. The spirillum utilizes the salts of succinic, fumaric, pyruvic, and malic acid in 
synthetic media, but not the salts of acetic, propionic, butyric, lactic, citric and 
malonic acid. Also glucose, fructose, glycerol, and ethyl alcohol are not utilized. 


Discussion 


The spirillum isolated by the present author is catalase-negative. Giesberger®) 
diagnosed that Spirillum is catalase-positive, but thereafter a species of Sp., Sp. 
mancuniense which was catalase-negative was isolated by Cayton ef al.‘). Williams 
et al.®) have described that ‘‘—if other catalase negative spirilla species are isolated, 
this characteristic will have to be included in the diagnosis of the genus—’’. More 
recently, four species of Spirillum which were catalase-negative were isolated by 
Watanabe’). From the above-mentioned reason, the present author concluded that 
this characteristic has to be employed as a key for identification of Spirillum. 
Although the spirillum is in accord with these species in the point that it is catalase- 
negative, it is markedly different from them in several other important respects. 
The spirillum in question has some resemblance to the following species: Sp. undula, 
Sp. sinuosum, Sp. graniferum, Sp. virginianum, Sp. serpens, and Sp. serpens var. 
azotum. Therefore discussion must be put on their morphological, cultural and 
physiological properties. All the species except Sp. virginianum have almost the 
same size in diameter of the cell though they differ more or less in the number of 
spirals. The spirillum in question, therefore, cannot be distinguished from the others 
in its morphological properties. But in the cultural and physiological properties, the 
spirillum has some points of dissimilarity to each of them. It can be concluded that 
the spirillum in question is another species from Sp. sinuosum and Sp. graniferum 
because it differs from the others in the ability to liquefy gelatin, in the catalase- 
reaction, in the sort of the nitrogen and carbon compounds that can be used for 
growth in the synthetic media, and in several other less important points. Although 
Sp. undula liquefies gelatin, it differs from the spirillum in question in the color of 
the colonies on gelatin, in the catalase-reaction, in the sort of the carbon compounds, 
in the optimum temperature for growth, and in several other less important points- 

. Sp. virginianum fairly resembles the spirillum in question in the point that it has 
been isolated from a shell fish, and in several other physiological properties. But 
also Sp. virginianum is a different species from the spirillum in question because the 
former differs markedly from the latter in the ability to liquefy gelatin, in the 
catalase-reaction, in the sort of carbon compounds, and in several other less important 
points. It is Sp. serpens that has many points of similarity to the spirillum in 
question. However, Sp. serpens (the descriptions of Sp. serpens in Migula’s Manual’), 
Giesberger’s Monograph, and Bergey’s Manual differ from one another in some points.) 
has some points of dissimilarity to the spirillum in question. The points of difference 
between Sp, serpens in each of investigators and the spirillum isolated by the pre- 
sent author are expressed in Table 1. 

As shown in Table 1, the spirillum isolated by the present author differs from 
Spirillum serpens in some important respects for identification even if it is compared 
with any one of Spirillum serpens by these investigators. Also Spirillum serpens 
var. azotum differs from the spirillum in question in the inability to liquefy gelatin 
in addition to those characteristics. 

From the above points of view, the spirillum isolated by the present author is 
diagnosed as a new species, and is named Spirillum putridiconchylium. 
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Table 1. The points of difference between Spirillum serpens and the new Spirillum. 


Spirillum serpens 


The spirillum 
isolated by 


. ° ) . the 
in Migula’s in Giesberger’s in Bergey’s 
Nantel Monograph Manual present author 
Agar colony | surface: color- | surface: cream; | surface: heavy surface: creamy- 
less in edge, yel- | undulate cream color white; entire 
low in center deep: | piesa 
deep: yellow to white; round, 
brown; whetstone elliptical, or 
form spindle 


Gelatin surface: colorless surface: yellow surface: brownish- 
colony in edge, light, yel- to brownish; | white; undulate 
low in center; entire or lobate 
lobate deep: | , 
deep: greenish brownish-white; 
yellow to brown; lacerate, or un- 
round dulate 
Potato white; thick clear orange yel- | clear organge- | no growth 
low yellow 
Catalase positive positive negative 
Available car- salts of acetic, salts of succinic, 
bon compound butyric, succinic, malic, pyruvic 


lactic and pyruvic and fumaric acid 


acid 
Available ammonium salts ammonium _Salts 
nitrogen and asparagine 


compound 


The author is gratefull to Dr. Teijiro Kishitani, the President of Suzugamine 
Women’s College, for his valuable advice and criticism during the course of the 
study. Thanks are also due to Mr. Narumi Watanabe, Assoc. Prof. of Faculty of 
Education, Chiba University and to the late Mr. Masatoshi Kosaka, the Chief of 
Medical Branch of the Library, Hiroshima University, for their kindness in collecting 
literatures which has been cited. 


Summary 


‘A new species of Spirillum was isolated from a fresh water snail, Semisul- 
cospira bensoni (Philippi) which had been putrefied in a Petri dish in our laboratory. 
From the morphological, cultural and physiological points of view, it is diagnosed 
as a new species and named Spirillum putridiconchylium. 
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Studies of the Germination of the Spore in Some Mosses II. 
Diphyscium fulvifolium Mitt. and Sphagnum 
cuspidatum Ehrh. 


By Yuko NISHIDA* and Shintaro Sarto** 


Received April 23, 1960 


The general mode of the development of the protonema in several species of Di- 
physcium and Sphagnum was reported by some authors (Campbell'), Miiller?), Noguchi’), 
Noguchi and Muraoka‘)), but there has not appeared any description of development 
of protonema in sporelings of Diphyscium fulvifolium Mitt. and Sphagnum cuspidatum 
Ehrh. This time the present writers will report the results of the observations on 
spore-germination of these mosses. In addition, influences of four different methods 
of culture on the form of the protonema of Sphagnum cuspidatum will be described. 


Materials and Methods 


The collected sporogonia were wrapped up in paraffine paper and had been kept 
dry until the cultures were undertaken. All the cultures were placed near a window, 
to be illuminated by diffused daylight, any direct rays of the sun being avoided. The 
cultures were kept at room temperature. 

Spores of Diphyscium fulvifolium were sown on a porous plate (7x7x1cm.) which 
was placed in a sterilized Petri-dish filled with Benecke’s solution (pH, 5.5-6.0), keep- 
ing its upper surface above the surface of the solution. The cultures started on 
November 5, 1957 and finished late December of the following year. 

Spores of Sphagnum cuspidatum were sown (1) in Benecke’s solution, (2) on 1% 
Benecke’s agar, (3) on sterilized filter paper moistened with Benecke’s solution, and 
(4) on sterilized porous plate moistened with the same nutrient solution. The pH value 
of all these culture media was 3.5-4.0. The cultures began on April 14, 1959, and 
continued until late September of the same year. 


Results 


Diphyscium fulvifolium Mitt. 

The spores of this species were collected at Atagoyama, a low hill in Matsue City, 
Shimane Prefecture on August 13, 1957. The spores of this species are about 17-20 # 
in diameter and swell up to about 25-30 within 2 or 3 days of the culture. The 
number of the chloroplasts in the spore increases gradually until they germinate. At 
the end of the fourth week of the treatment, a germ tube is formed as a protuberance 
through the rupture of the exospore. No further development of the germ tube was 
observed during the winter until early April of the following year, when the germ 
tube regained activity. It develops into a filamentous protonema by successive cell 
divisions. The completed filamentous protonema is only 450-850 4 in length with a 
few short branches, and tapers gradually towards one end turning into a terminal 
rhizoidal filament. The cells of the rhizoid bear oblique cross walls and contain a 
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few chloroplasts, or frequently lack them entirely. In some cases the endospores 
produce two chloronemal filaments in two opposite directions, each bearing a terminal 
rhizoid (Fig. 17C), or, in some other cases, they produce a rhizoidal filament in one 
direction and a chloronemal filament in the other (Fig. 17B). In early June, 1 to 3 
spherical protuberances appear on the chloronemal cells of the green filament. The 
protuberance becomes larger rapidly, and is partitioned by a transverse septum from 


; oe 3 1-15. Diphyscium fulvifolium Mitt. 1-3. Formation of the filamentous protonema (1 

, ad 00). 4-11. Formation of the trumpet-shaped protonema, (4, x400; 5-11, x 350). 12 13. 

: ae ion of the leafy plant, (12; "18, 380)! 14;-rne first, the second and the third cuniped 

aa sce Ky a leafy plant, (X280). 15. A leafy plant which arose on the apical part 
“Shaped protonema, (x280).  E: exospore, R: rhizoid, T 

: ; : P : trumpet-shaped 

protonema, F: filamentous Protonema, B: bud of leafy plant, L: leafy plant, C: eo pact 
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the main filament, thus becoming a huge spherical initial cell of the clavate branch 
(Figs. 5-7). The first division wall in the initial cell is always transverse, dividing 
the initial cell into a basal cell and an apical cell. The basal cell does not undergo 
any further cell divisions, while transverse divisions occur in the apical cell repeatedly, 
to form a clavate branch consisting of 8-15 cells (Fig. 6). 

The cells of the clavate branch, the basal cell excepted, are divided into quadrants 
by two longitudinal walls perpendicular with each other (Fig. 16 A); the cells above the 
level b-b of Fig. 16 continue further cell divisions in various directions. Asa result of 
such cell divisions, the clavate branch develops into a trumpet-shaped protonema (Figs. 
7-11). The mature trumpet-shaped protonema contains numerous chloroplasts, and its 
upper surface is slightly concave (Fig. 16T). This protonema rises upwards from 
the procumbent filamentous protonema showing positive phototropic character. In 
late June, from the basal part of the trumpet-shaped protonema arose several rhizoids 
provided with a few short branches. These rhizoids bear oblique septa as the terminal 
rhizoid (Figs. 8, 9, 11, and 12). The terminal cell of the filamentous protonema can 
very often produce a trumpet-shaped protonema in the same way as mentioned above 
for the lateral ones (Figs. 9-11, 14, 17D, E, F). Thus, six types can be distinguished 
in the formation of the protonema system as shown diagrammatically in Fig. 17 A-F. 

The leafy bud formation began in early 
September. A large elliptical protuberance 
arises from a certain cell near a rhizoid of 
the tubular part (a-a or b-b level of Fig. 16) or 
from a cell of the upper margin of the trumpet- 
shaped protonema (Figs. 12-15). This pro- 
tuberance contains many chloroplasts and 
becomes spherical before it undergoes cell 
divisions. The first division is oblique. The 
basal cell thus formed does not undergo any 
further divisions like as the basal cell of 
the clavate branch. Two successive oblique 
divisions in the upper cell produce a pyramidal 
apical celerith thee euthing Feces Parallel te A: Cross section at a-a level, B: Cross sec- 
its side walls. This apical cell and cells SPR BSR INI: -CuneaPencriee ants 
beneath it continue further cell divisions form- leven) \Crosaesction ap ded Mevel. 
ing a globose cell mass, from which, in the 
mean time, a juvenile stem 4-5 cell long and provided with several juvenile leaves 
develops (Fig. 12B). After the differentiation of the juvenile leaves, rhizoids are 
produced also from the basal part of the juvenile stem (Fig. 13). Usually, only a 
single leafy plant is formed on a trumpet-shaped protonema. 

It is interesting to note that a terminal trumpet-shaped protonema can very often 
produce another trumpet-shaped protonema from an epidermal cell of its upper surface; 
a chain of up to three of such protonema is formed in this way. In this case the 
leafy bud is formed only on the proximal trumpet-shaped protonema during the period 
of the present cultures. 

The development of the sporeling of D. fulvifolium is similar to that of the 
regeneration of the same species reported by Noguchi and Muraoka*). However, the 
mode of the leafy plant-formation in the sporeling and the regeneration of leafy plants 
differs in that in the latter the leafy plant is derived directly from a cell of the 
filamentous protonema without any agency of trumpet-shaped protonema, or it is 


Fig. 16. Cross section of trumpet-shaped 
protonema. T: trumpet-shaped protonema, 
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produced on the tip of clavate branches, while in the former it arises always from 
trumpet-shaped protonema. Miller?) adopted Berggren’s figure which indicate that in 
D. foliosum the leafy plants arose from the base of trumpet-shaped protonema. 


11 1 1. 


Fig. 17. Diagrams showing six types of protonema system in Diphysciwm fulvifolium Mitt. 


Sphagnum cuspidatum Ehrh. 

The spores used in this study were collected from ponds at Uchiuma, Higashiizumo- 
cho, Yatsuka-gun, Shimane Prefecture on April 9, 1959. The spores are nearly 
triangularly pyramidal (Fig. 18), about 30-35 ~ in diameter, and brown as a whole. 
They were sown five days after the collection. On the third or fourth day of the 
culture chloroplasts in the spore much increase in number. In all cultures the 
spores germinate within about 7-10 days, when the spores are elongated nearly two 
times as large as the first measurement. A germ tube appears as a protuberance 
through the rupture in the exospore at a vertex (Fig. 19). The exospore frequently re- 
mains on the filamentous protonema until the juvenile leafy plant appears on the thallose 
protonema. In the cultures (2), (3), and (4) the germ tube develops into a short and 
chlorophyllose and filamentous protonema, usually consisting of only 2-3 cells, while in 
the culture (1) the chlorophyllose and filamentous protonema becomes very long (Figs. 
29, 30), which is either submerged in the nutrient solution or floated on its surface. 
The cells of the filamentous protonema which is stained only after a considerable 
time by the same stain, are stained rapidly by Yanus green B with their chloroplasts. 
except the terminal cell. The terminal cell of the filament becomes larger rapidly 
(Figs. 20, 21); then it divides into two by an oblique wall, the upper cell thus formed 
functions as the apical cell of the thallose protonema, and is divided again obliquely 
by a wall perpendicular to the first. Such a process is repeated several times forming 
two alternate rows of several cells, which, thereafter, undergo succeeding divisions in 
various planes resulting in a green, multicellular, one-cell layered thallose protonema 
(Figs. 22-32). In the cultures (2), (3), and (4), the protonema seems to be completed 
after a period of about two months, while in the culture (1) the protonema grows. 
more rapidly and is completed after about two weeks earlier than those in the other: 
cultures. In the culture (4), the completed thallose protonema is ribbon-shaped with 
an irregular outline and is about 2-3mm. in length (Fig. 31). On the other hand in 
the cultures (1), (2), and (3), the thallose protonema is palmately lobed. In all cultures 
the thallose protonema shows the phototropic character. 

Rhizoids are formed on filamentous protonema at early stages (Fig. 22). When 
the terminal cell of the filamentous protonema becomes large, a protuberance appears 
from cells of the filament; it develops into rhizoids consisting of a few elongated colorless. 
cells (Figs. 25-28, 31, and 32). As the growth of the thallose protonema proceeds, 
many rhizoids are produced from the peripheral cells of its basal region (Fig. 25), 
while the upper part of the thallose protonema is free from rhizoids (Figs. 25, 26 
and 31). In this moss, a rhizoid frequently arises directly from the endospore as is 
shown in Fig. 23. On the mature protonema about 8 to 15 rhizoids are born (Figs. 
27, and 31). The protonema formation is similar to that of Sph. squarrosum reported. 
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by Noguchi’). He reported also the formation of the second, and the third (and the 
fourth in rare cases) protonema for Sph. girgensohnii, but such a phenomenon was 


S 


Fig. 18-32. Sphagnum cuspidatum Ehrh. 18. Spore, (x480). 19. A germ tube and dead 
spore, (X400). 20,21. Filamentous protonema patterns, (x420). 22-26. a of thallose 
protonema, (22, x400, 23, x150, 24, x360, 25, 240, 26, x160). 27,28,31. Formation of leafy 
plant, (x100). 32. Palmate-shaped thallose protonema on agar medium, (x80). 29. Long filamentous 
protonema grew on a very damp medium, (x140), 30. Side view of ditto, (x140). T: thallose 
protonema, L: leafy plant, E: exospore, R: rhizoid, B: bud of leafy plant, FP: filamentous pro- 
tonema. 
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not observed in this species. The initial cell of the leafy plant arises as a protuberance 
of a marginal cell of the thallose protonema. It has no connection with the rhizoidal 
area, as in Sph. girgensohnii and Sph. squarrosum (Noguchi*)). The early stages of 
the development of the bud of leafy plant are similar to that of Diphyscium fulvifolium. 

The initial cell divides repeatedly to form a cell mass, which differentiates later 
into a leafy plant (Fig. 27). After differentiation of the stem and leaves, new rhizoids 
begin to arise successively from the marginal cells of the thallose protonema. One or 
two leafy plants are born on a thallose protonema (Figs. 28, 31, and Sy 


Summary 


The protonema system of Diphyscium fulvifolium Mitt. consisted of both the 
filamentous and trumpet-shaped protonemata. The filamentous protonema developed 
poorly, and gave out only a few short branches and 1-3 clavate branches which later 
develop into trumpet-shaped protonemata. The terminal cell of the filamentous pro- 
tonema was, though rarely, able to develop into trumpet-shaped protonema. In some 
cases, a trumept-shaped protonema was successively produced on the preceding ones 
from an epidermal cell in the upper regions of the latter, forming a chain of two or 
three of such protonemata. The trumpet-shaped protonema is phototropic. The bud 
of leafy plants arose from certain basal cells or from certain epidermal cells of the 
upper part of the trumpet-shaped protonema. In the regeneration of this species the 
bud arises from the tip of clavate branches or from the filamentous protonema directly 
(Noguchi®)), but this is not what we found in the present study on the sporelings. 

The protonema system of Sphagnum cuspidatum Ehrh. consisted of both the fila- 
mentous and thallose protonemata. The filamentous protonema grown in the culture 
solution became long, while it attains a length of only 2 or 3 cells when cultured on 
agar or moistend porous plate or filter paper. In the porous plate culture the thallose 
protonema was ribbon-shaped, but sporelings cultured in nutrient solution, or on agar or 
wet filter paper produce a palmately lobed thallose protonema. The thallose protonema 
showed a phototropic character in both cases. Sph. girgensohnii was reported by 
Noguchi’) to form the second and the third, and even the fourth protonema. Such 
protonemata were not found in the present species. The rhizoids arose, from the 
endospore, the filamentous protonema, and marginal cells of the thallose protonema. 
One or two leafy plant were found on a thallose protonema. 


The authors wish to express many thanks to Dr. A. Noguchi of Kumamoto Uni- 
versity for his suggestions afforded for the present study. Thanks are also due to 
Miss Atsuko Yamasaki who helped the authors in various ways. 


References 


1) Campbell, D. H., Mosses and Ferns. New York (1918). 2) Miiller, C., Musci in Engler and 
Prantl’s Nat. Pflanzenfam. I. Aufl. Leipzig (1898). 3) Noguchi A., Journ. Hattori Bot. Lab. No. 
19, 71 (1958). 4) Noguchi A., and Muraoka S., Kumamoto Journ. Sci., B. 2, 4: 118 (1959). 


ii x 
PGROWETT + FTRILARS: WUT OME IL 47 ear eLOAY sxaF 


T7EATOTMLERABIL, ARRAAL A 5 LRM AD DRED OR? FAYE & 
: & x iG Rok Be AS 718 3 \ ay EE CO FeCyt 
17 ROCL<, CHOOBENMM ROR S 6 DCDHFASZCEMCEHE. COA S ee 


March, 1961 NISHIDA, Y., et al. 97 


BEER LEMSHBEDSUbSROK. BY OBS, CORD ARMICMADOERVWREAUL, CO 
FTL MD» DEER OBS Cie Ds, HABOATS OFA 5 LR AKO 4} & ERB ORS MAb 
EPSCERboK. LALARRAAOMIAD, CAMRORO Fe bE ITER AKOP REF SS 
tititwok. EMU MichonsLjlt, #1, 82, B3045 LE RRAAD HITE CRBA 
bdok. COLAC 1ORAKO LRMDORN Mid: bE ADB CEA, 2, B30 
JR ARR Ds © SSE HB ICL AE Ue die. 

MIC) SRAT ORAS, FHKE IL, EAM LORE CI 2-3 THO MD bw 
STV. WIRE CFE ICE RAADECS. CORMADBWIOMERAS <ie 0, DPO—KTO 
DE Be Fie > CB ORM Ds Die SERIA AAD CS. CORI AALI AEDS L<, BET Slz 
DH, FOLIA E EMD bir bhbtiore. WIRE, FORAGE, ERMPMLORBOTE <a 
ROB BAIT RAKAERICH SD, RRC LORB CLAY RY Riches. WILT, AIR 
Mikis LOPE AAKORMAURBOUFPHAHSLAECSZOWHEN CHS. CORGE Cli faFte EV 
Carb, © 2 DAA AICHERRAAORUMIBICRREAELC, CORED MMT & eld CE EAA Iz 7k 
S. 1 HOI MAE 1~2 ORE ARBAER LE. (BRAZARFRABPER: BRAFMES 
BAW ARS) 


Bot. Mag. Tokyo, 74: 98—103 (March 25, 1961) 


Effect of Indoleacetic Acid on Protein and Ribonucleic Acid 
Syntheses in Cultured Bean Germ-axes 


by Mitsuo IZAwA* 
Received July 29, 1960 


Recently it has been reported that auxins can affect nucleic acid and protein 
metabolisms. Silberger and Skoog!) have found that added indoleacetic acid (IAA) 
stimulates the increase in ribonucleic acid (RNA) and desoxyribonucleic acid contents 
of cultured tobacco pith tissues. However, they have not touched on protein metabo- 
lism. On the other hand, Thimann and Loos?) have observed that naphthaleneacetic 
acid stimulates protein production as well as water uptake in cultured tissues of 
potato tuber and of Jerusalem artichoke. In our laboratory, Oota and Osawa (un- 
published data) have indicated that in cultured bean germ-axes added IAA (10 pg./ml.) 
evokes net synthesis of RNA accompanying little increase of protein. Uemura (un- 
published data) also observed that water uptake of the germ-axes was remarkably 
inhibited by the same concentration of IAA, and the IAA did not elevate RNA level 
but only prevented the decrease in the level. It is noted that these authors worked 
with the media in which the germ tissues could not elevate their protein levels. 

In the present study the culture conditions which can give net synthesis of protein 
in germ-axes isolated from bean seeds was established, and the effect of IAA on the 
metabolism of protein and RNA were reinvestigated. 


Materials and Methods 


Germ-axes: Beans, Vigna sesquipedalis, stocked in a dark room for a year after 
harvest were used. The seeds were imbibed in 0.03% calcium hypochloride solution 
for 6 hours at 30°, and washed with sterilized water; germ-axes (exclusive of young 
leaves) were isolated with a sterilized razor blade in an aseptic room. 

Tissue culture: Ten to 15 germ-axes in each 50 m/. Erlenmeyer flask containing 
1 to 2ml. sterilized culture medium (see the later description) were incubated at 30° 
in the dark for designated periods. The germ-axes were immersed partly in the 
medium. A series of preliminary experiments were carried out in search for culture 
conditions under which net synthesis of protein could be brought forth. White’s 
medium containing 2% sucrose (referred to as simple medium)*) was found to be 
efficacious for increasing length, fresh and dry weights of the germ-axes, and was 
unable to increase but rather decreased protein content (Fig. 1). Supplemented vita- 
mine complex (B:, Bz, Bs, C and nicotinamide; each 50 vg./ml.), coconut milk** (3 to 
10%)*) or casein hydrolyzate (4mg./ml.) to simple medium had no favorable effect. 
Only the decrease in protein level was arrested by the addition of coconut milk or 
casein hydrolyzate (Fig. 2). A little rise in protein level was caused by the addition 
of kinetin (10 ug./m/). A rise as high as 35% was induced by the addition of bean 
cotyledon hydrolyzate (see below) in 5 day period of culture (Fig. 2). Finally the 
following mixture (referred to as control medium) was attained which was able to 
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** Coconuts were obtained from Hawaii by courtesy of Professor T. Mori. 
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Fig. 1. Changes in fresh weight (F. W.), dry Fig. 2. Effect of various additions to 
weight (D. W.), length and protein content of simple medium on change in protein 
bean germ-axis cultured in simple medium. content of germ-axis. —x—: + 
Values per axis plotted. —™—: F. W., vitamines, —A—: +coconut milk, 
—a—: D. W., —x-—: length, —@—: —O-—: +casein hydrolyzate, —a—: 
protein-N. +kinetin, —@—: -+cotyledon hy- 

drolyzate. 


increase protein level by 50% in 5 days of culture: White’s medium containing trace 
amounts of inorganic elements (Mn, Zn, B and J), sucrose 20mg./m/., casein hydro- 
lyzate 4mg./m/., cotyledon hydrolyzate 10% and kinetin 10 4g./m/.; pH adjusted to 6.0 
with 0.01N NaOH. Control medium supplemented further with auxin, IAA (1 4g./m/. 
of free acid; Merck), will be referred to as JAA medium. 

Bean cotyledon hydrolyzate: Ten grams (fresh weight) of soaked bean cotyledons 
were homogenized with 50m/. of 3% NaCl solution and centrifuged at 1,000xg 
(Kubota centrifuge, Model K-80) for 10 minutes. The supernatant was hydrolyzed 
with 6N HCl for 24 hours in a boiling water bath, neutralized with NaOH and made 
up to 100m/. with water. One part of the hydrolyzate was added to 9 parts of the 
culture medium. 

Subcellular fractionation: One hundred germ-axes were macerated with 30 ml. 
of 0.25M sucrose and sea sand in a porcelain mortar. The brei was centrifuged at 
1,000 x g for 10 minutes to precipitate nuclear (NV) fraction. The supernatant was 
centrifuged at 10,000xg (Servall centrifuge, Model SS-1) for 20 minutes and then at 
105,000 x g (Spinco ultracentrifuge, Model L, No. 40 rotor) for 90 minutes to obtain 
mitochondrial (Mt), microsomal (Ms) and supernatant (Sp) fractions. All procedures 
were performed at ca. 4°. 

Length, fresh weight, dry weight, protein and RNA contents: Excepting the 
estimation of length and RNA content, the methods described previously were used’). 
Length of germ-axes was measured with an ordinary ruler. RNA was extracted by 
a combination of Schneider’s and Ogur-Rosen’s. procedures*) and the absorbancy at 
260 mut was assayed with Beckman DU spectrophotometer. Nucleotide composition 
of RNA was estimated by Dowex 1 column chromatography’). 
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Results 


Effect of IAA on daily changes in length, fresh weight, protein and ribonucleic 
acid contents of germ-axes. 

In control culture (grown in control medium), the length, fresh weight and con- 
tents of protein and RNA of germ-axes change with culture period as shown in Fig. 3. 
The final length and fresh weight attained in 5 days were smaller by ca. 50% and 
greater by ca. 20% than those attained in the same culture period in simple medium, 
respectively (cf. Fig. 1 with Fig. 3), a remarkable increase in thickness of the tissues 
occurring in control medium. It was ascertained separately that these effects were 
due to the presence of kinetin in control medium, which probably promoted cell 
division’). Unexpectedly in JAA culture (grown in [AA medium) the fresh weight, 
length and protein content were little increased in the initial 2 days, and henceforth 
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Fig. 3. Changes in F. W., length, RNA and Fig. 4. Changes in F. W., length, RNA and 
protein contents of germ-axis cultured in protein contents of germ-axis cultured in 
control medium. —O—: RNA-P. See Fig. 1 IAA medium. See Figs. 1 and 3 for sym- 
for other symbols. bols. 


they rose with normal velocity (cf. Fig. 3 with Fig. 4). Noticeable is that the RNA 
content alone increased normally irrespective of the presence of IAA added (Fig. 4). 
This initial inhibition of fresh weight increase or water uptake (cf. Fig. 1) in JAA 
culture might be attributed to the surplus IAA concentration in the tissues’). A good 


parallelism between water uptake and protein accumulation as shown in Fig. 4 sug- 
gests an intimate relation between these two processes. 


Nucleotide composition of RNA and subcellular distribution of protein and RNA. 

In connexion with this RNA synthesis not accompanying simultaneous accumu- 
lation of protein in JAA culture, it seemed possible that the accumulated RNA 
was such a kind as unavailable for protein synthesis. As indicated in Table 1, ribo- 
nucleic acid isolated from the whole tissues of JAA culture was not different in 
quality from RNA isolated from those of control culture as far as their nucleotide 
compositions were concerned. It was further suspected if, in JAA culture any dis- 
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Table 1. Nucleotide composition of RNA isolated from cultured bean 
germ-axes. Molar ratio (adenylic acid=10) shown. 
C, cytidylic acid; U, uridylic acid; G, guanylic acid 
* = Culture period (days) 0 2 by 
culture Peidivion = Nucleotides — Cc U G @ B G c J s 
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Fig. 5. Changes in subcellular distribu- Fig. 6. Changes in subcellular distribu- 


tion of protein with culture period. 
Solid and broken lines indicate control 
and JAA cultures, respectively. Values 


tion of RNA with culture period. See 
Fig. 5 for symbols and further expla- 
nations. 


per axis plotted. 


—O-—: whole tissues, —@—: nuclear 
fraction, —a—: mitochondrial frac- 
tion, —H—: microsomal fraction, 
—X-—: supernatant fraction. 


turbance in subcellular distribution of synthesized RNA might be responsible for the 
dissociation observed between the production of RNA and that of cytoplasmic protein. 
Daily changes in subcellular distribution of protein and RNA were examined for both 
control and IAA cultures (Figs. 5 and 6). In the initial 2 days period, the contents 
of protein* and RNA in control culture increased practically solely in larger granules, 
i.e., N and Mt fractions, but in JAA culture RNA alone, but little protein, were 
accumulated in smaller granules and soluble cytoplasm, i.e., Ms and Sp fractions. 
Later on, in control culture the above pattern of subcellular distribution of protein 

* In the experiments of Figs. 3 and 4 the trichloroacetic acid (TCA) insoluble fraction, 
and in the experiments of Fig. 6 TCA, alcohol, alcohol-ether and hot perchloric acid insoluble 
fraction were taken as the protein fractions. 
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and RNA was not altered significantly, whereas in JAA culture protein as well as 
RNA increased not in Ms and Sp fractions but in N and Mi? fractions. It must be 
mentioned that the rise in protein level of either control or JAA culture, if any, took 
place solely in fractions readily sedimentable (NV and Mt) and that the rise always 
kept pace with the rise in RNA level of the same fractions. By the way, in 0 day- 
old germ-axes only 18% of protein and 8% of RNA were recovered in the N+Mt 
fractions, while in the 4 day-old control culture 60% of protein and 5% of RNA were 
in these fractions. In JAA culture the initial distribution of protein and RNA among 
subcellular components was retained unchanged for 2 days, followed by the same 
distribution pattern with that of aged control culture. According to Lund et al”), 
protein and RNA of mature cells of germinating corn roots are detected mostly in 
a fraction sedimentable at 5,000xg for 15 minutes (heavy mitochondrial fraction). 
Preferential localization of protein and RNA in larger granules appears to be common 
in aged plant cells. 


Discussion 


No such stimulation of protein and RNA (net) syntheses could be induced in 
cultured bean germ-axes by exogenous IAA as was reported for isolated pith tissues 
by Silberger and Skoog!) and for potato tubers by Thimann and Loos?). Nor the 
stimulation of water uptake (assayed as the increase of fresh weight), as the most 
ordinary effect of exogenous auxins''), was given by added IAA in the present 
materials. The cause of the discrepancies between their results and the present ones 
is not yet clear. It should only be reminded here the remarks made by these 
American authors that the promotion of protein or nucleic acid production induced 
by exogenous auxins always keeps pace with stimulated water uptake. 

Remarkable RNA accumulation without accompaniment of any rise in protein 
level in Ms and Sp fractions was demonstrated in the initial 2 days of JAA culture. 
It was found that RNA produced in this culture was not different in quality (nucleotide 
composition) from that produced in control culture. However, the nucleotide composi- 
tion as assayed for RNA isolated from the whole tissues cannot inform us of exact 
nucleotide composition of individual subcellular component. Our recent analyses!2) 
have shown that nucleotide compositions of RNA’s of Ms and Sp fractions isolated 
from germinating bean seedlings are significantly different from each order. It is 
desired to examine if any modification in RNA molecules in Ms and Sp fractions is 
caused by IAA added. At all events, it is remarkable that, in Ms and Sp fractions which 
are known as the central sites of cytoplasmic protein production"*), protein synthesis 
is inhibited by exogenous (perhaps surplus) IAA, RNA synthesis being little affected. 
RNA production independent of protein synthesis has also been reported to occur in 
the presence of chloramphenicol in bacteria'‘). In this case RNA synthesized is 
known to be utilizable in protein synthesis after the reagent is removed from culture 
medium. Chloramphenicol seems to block the last step of protein synthesis, i.e., 
formation of peptide chain and/or polymerization of these peptide chains on micro- 
somal particle*’). 

It should also be noted that in the present culture conditions protein can accumu- 
late only in the larger granules (N and Mt fractions) and the increase is always 
accompanied by RNA increase. It is difficult to say if the increase in protein levels 
of N and Mt fractions means the synthesis by these particles themselves, since 
Lund et al.) observed electron-microscopically that the heavy mitochondrial fraction 
prepared from mature corn root tissues was contaminated with many vesicles or 
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fragments of endoplasmic reticulum. On the other hand, we (Ichimura, Izawa and 
Oota, unpublished data) have noticed that in maceration process of the germinating 
bean cotyledons remarkable granulization of soluble cytoplasmic protein into dense 


particles that are co-precipitated with mitochondria occurs. This is likely due to 
acidification of the medium by the liberation of cell sap. 


The author wishes to express his sincere gratitudes to Dr. Y. Oota for his guidance 
and advice. 


Summary 


1. Culture medium (referred to as control medium) in which the net syntheses 
of protein and RNA could occur was designed for isolated bean germ-axes. 

2. The additon of IAA (1 wg./ml.) to control medium remarkably inhibited water 
uptake and protein synthesis for the initial 2 days, but gave no inhibitory influence 
on RNA synthesis. Nucleotide composition of RNA isolated from JAA culture (in- 
cubated in control medium plus IAA) agreed well with that of RNA isolated from 
control culture (incubated in control medium). 

3. In IAA culture the increase of RNA in the initial 2 days occurred mainly in 
microsomal and supernatant fractions. But after this period, increase of both protein 
and RNA was restricted to nuclear and mitochondrial fractions. In control culture 
the rise in protein and RNA levels proceeded throughout the culture period only in 
nuclear and mitochondrial fractions. 
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An Ascospore Color Mutant of Neurospora crassa* 


by Kazuo NAKAMURA** 


Received August 22, 1960 

In Neurospora crassa, the present writer found one instance among stocks kept at 
Kyushu University, 4A, carrying a mutant gene affecting the ascospore color develop- 
ment. Crossing of the mutant with the wild-type of the opposite mating-type, a, 
produced perithecia which contained asci with two pairs of wild-type black and two 
pairs of tan-colored ascospores, thus making possible a direct analysis of the segrega- 
tion of the spore color locus, symbolized as tan-spore or ts. Accordingly, this mutant 
may provide a good marker in analyzing the problems of the heterocaryon and of the 
genetic crossing-over. Similar segregations of ascospore color have been reported in 
homothallic!.2.*) as well as in heterothallic fungi‘:*) other than Neurospora. In Neuro- 
spora, Stadler®) reported a similar mutant, asco, with which he demonstrated the wide 
variation in frequencies of second-division segregation. The present paper deals with 
the linkage of ¢s to inos (37401) and with variation in recombination values due to 
strains mated to tan-spore. 


Materials and Methods 


Along with the mutant ts, the following five stock cultures of Neurospora crassa 
were employed: 37402a (asco), 8a (wild-type), P2a (wild-type), B135a (osmotic), and a 
linkage tester LT2a. The present B135a is an isolate from successive back-crosses of 
the original mutant to St. Lawrence wild-type (Dr. Perkins’ personal communication). 
For convenience this symbol B135a will be used in this paper. 

Westergaard and Mitchell’s’) minimal agar medium in Petri-dishes was used for 
crossings, and was supplemented appropriately when nutritional mutants were involved. 
The initial pH of the medium was adjusted to about 6.2. Crosses were made by ap- 
plying conidial suspension in sterile distilled water to the protoperithecia developed by 
ts, excepting a cross involving LT2a which was made possible by simultaneous ino- 
culation with ts because of the retarded development of the protoperithecia. All cul- 
tures were incubated at 25° in darkness. Seven to eight days after the application of 
conidial suspension some of the asci in the developed perithecia began to segregate in 
color. Thereafter, difference in color between the two kinds of spores became in- 
creasingly distinct day by day in most of the asci. These two kinds of spores were 
readily distinguishable till the spores were expelled, though tan spores became some- 
what darker with age. Usually 11 days after the fertilization, perithecia were dis- 
sected for microscopical examinations. In the cross involving LT2a the dissection was 
carried out two weeks after the inoculation. Ascus clusters were mounted in glycerine- 
water mixture, this mounting medium having been proved to be most satisfactory to 
distinguish the spore color and to preserve the preparations for a long period. 


Results 


ie The gene ts. After receiving a stock labelled ‘ wild-type 4A’ through Dr. Y. 
Kobayashi, National Science Museum, Tokyo, in 1952, the stock has been maintained 
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by mass transfers by Dr. H. Ono, General Education Department of Kyushu Univer- 
sity. When this 4A was first crossed to 8a in our laboratory in 1953, the cross re- 
vealed clear segregation into four wild to four tan spores. The asci were classifiable 
into the well known six spore patterns of a monogenic segregation: two patterns of 


Table 1. Frequency of spore patterns resulted from the cross ts x 8a. 


Spore pairs from Spore patterns ’ 
the top of ascus | — — _ are a ae Total asci 
I I Il IV V VI 
I + ts + ts ~ ts 
Bi, ab ae ts ts 5 ts Te 
On O ts ae oF ts ts == 
a ts + ts + 4p ts 
a)* 193 188 91 80 79 99 730 
ae ee ey 
Be tencicn (52.2%) (47.8%) (100%) 
b d at el Teas = F a aor <— 
i ae 16 18 9 7 6 3 59 
ee ee Se eee ee 
(57.6% (42.4%) (100% ) 
209 206 100 87 85 102 789 
Total Ce oe ei ee eres 
(52.6%) (47.4%) (100%) 


* a) stands for regular asci with four dark and four tan spores and b) for irregular asci 
with one extra-pale spore. 


first-division segregation and four of second-division segregation (Table 1; Figs. 1, 2). 
This cross gave 47.4% second-division segregation, indicating that the gene ts is located 
at a distance of 23.7 units from the centromere (Table 3). No evidence for biased 
segregations was obtained in this cross (for patterns I and II, %?=0.022, D.f.=1, 
P>0.80; and for patterns IIJ-VI, x?=2.449, D.f.=3, P>0.30). The gene ¢s exerts no 
effect upon the size and shape of the spores, but it proved to be lethal at a certain 
stage in the spore maturation. So, attempts to germinate any of the tan spores, either 
those dissected from the asci or those which had been naturally expelled from the 
asci onto the agar medium, have failed to date, thus making it impossible to isolate 
a further new fs stock. 

It is well known in Neurospora that the sporadic inclusion of immature or aborted 
spores in the ascus results in aberrant spore patterns with regard to spore pigmenta- 
tion. Such aberrant spores could be attributed to chromosomal translocations®), to 
gene mutations’), or to a kind of gene competition in the course of spore maturation’’). 
Further, such aberrant spores occurred under certain cultural conditions'!). In the 
present cross ¢sx8a, as well as in the other crosses involving ¢s, a few asci were found 
to show such aberrant patterns as three black to five pale-colored spores, two black 
to six pale spores, and so forth. This is apparently due to the occasional failure of 
the normal pigmentation in the spores expected otherwise to develop into the black 
wild-type spores. This failure in pigmentation was noted in approximately 4% of the 
non-ts spores, occurring at random in position. For example, in a cross tsx8a fre- 
quency of the second-division segregation was 47.8% in asci showing regular 4:4 segre- 
gation, and was 42.4% in asci with one extra-pale spore (Table 1). Discrepancy 
between these two frequencies was not significant (¥?=2.331, D.f.=1, P>0.10). Asci 
which contain one pair or more of extra-pales are not identifiable as to the segrega- 
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tion pattern, and they are excluded from statistical records in the present article. 

2. Independence of ts from asco. A lysine-requiring mutant of Neurospora, 37402, 
was previously reported to carry a gene asco, which produces colorless spores and is 
located on linkage group 6°). To test the allelism and linkage relationship of ts to 
asco, ts was crossed with asco (37402a). If these two genes are not allelic, three types 
of asci, parental ditype (PD), non-parental ditype (NPD), and tetratype (T), should be 
produced, viz., 4(+ ts): 4(asco +), 4(+ +): 4(asco ts), and 2(+ +): 2(+ ts): 2(asco +): 
2(asco ts). In reality this was the case. However, it was impossible to distinguish 
all the four genotypic spore types, because spores carrying asco yield the same color- 
less spores irrespective of the presence or absence of the gene fs, that is, this is a case 
of hypostasis of ts to asco. Thus there were distinguished phenotypically three kinds 
of asci: ascus with two pairs of tan spores and two pairs of colorless ones (PD), ascus 
with two pairs of black wild type spores and two pairs of colorless ones (NPD), and 
ascus with one pair of wild-type, one pair of tan, and two pairs of colorless spores 
(T) (Fig. 3). Observed numbers of these three types of asci were as follows: 

PD NPD ae Total 

133 98 173 404. 
If the two loci segregate independently from one another, two kinds of ditype tetrads 
should be equally frequent!?). But, the difference between the number of PD and 
that of NPD asci was significant (x2=5.303, D.f.=1, 0.02 <P<0.05). There was, how- 
ever, no way of distinguishing a tan spore from a young wild-type spore in a few 
asci which were in maturation process. Thus an ascus with four tan and four color- 
less spores could be either a NPD or a T as well as a PD ascus at its maturity, 
which may result in an excess of PD, no definite evidence for linkage between asco 
and ts being manifested. 

3. Locating ts on linkage group 5. To identify linkage group on which fs is located, 
this mutant ts was crossed with the linkage tester stock LT2a in which all the seven 
linkage groups were marked with one mutant locus each (cf. Table 2). Random spores 
from this cross were germinated and 100 spores were isolated. All the germinating 
spores from such a cross should carry the wild-type allele of the ¢s. If any mutant 
locus is independent of fs, half the germinating spores will be mutant. And, if a 
certain mutant locus links with ¢s, more than 50% of the germinating spores will 
exhibit the mutant character. Of 100 isolates, 96 revealed inositol-requirement, thus 
distance between ts and inos being estimated as 4.0 units. Whereas, other genes 
exhibited the mutant character in about 50% of the isolates (Table 2). This indicates 
that ¢s is located on linkage group 5. Centromere distance of inos is 26.2 units"); ts 
is probably located on the right arm together with ios. 

4. Variation in genetic distance of ts from centromere. As generally accepted, 
the genetic distance of a locus from the centromere is estimated by halving the 
frequency of second-division segregation. And this procedure has been taken for 
granted to give a genetic distance particular to a given locus. Recently, however, 
Stadler*) has called the writer’s attention to his finding that the value estimated by 
this procedure for asco varies widely according to the stocks combined in crossing— 
5 to 29 units. 

In the present case of ts, the value 23.7 was obtained for the cross tsx8a. 
Further crosses of tsxP2a, tsxB135a, and tsxLT2a gave the values 13.1 (13.0 and 
13.1), 14.1 (13.3 and 14.9), and 30.4 (30.0 and 31.1), respectively, two figures in paren- 
theses indicating actual values recorded from two Petri-dishes (Table 3). Although 
the value varied within such a wide range, according to the stocks employed, the 


108 Bot. Mag. Tokyo Vol. 74 


Table 2. Analysis of the cross of tsxtester stock LiZa:* 


Marker gene er iy | aS Tae, ts Seer oat ‘i nrg 
al-2 (15300) 1 50 51 51 $0.05 

fl (fluffy) 2 24 19 39.6 $0.05 

se (5801) 3 50 48 48 >0.05 

pan (5531) 4 50 64 64 0.005-0.11# 
inos (37401) ssabalt 50 4 4 <0.001 

ylo (Y30539y) pee 25 5% 27 52.9 >0.05 

nt (C86) ane 50 59 59 >0.05 


* Details of the seven marker genes are described in Barratt et al.1%). 
** Since fl is hypostatic to sc, and ylo to al-2, fl and ylo characters were determinable in 
sect and al-2+ isolates, respectively. 
# An excess of recombinant may be attributed to low viability of the mutant. 


Table 3. Frequencies of second-division segregation of ts, analyzed in asci 
from crosses between ts and various stocks. 


Second-division segregation Centromere-ts distance 
Stocks crossed Total asci Z 
asci (%) value range* 
LT2a 1082 658 60.8 30.4 28 .4-32.3 
8a 789 374 47.4 Boat 21.6-25.8 
B135a 1718 486 28.3 14.1 12.4-16.0 
P2a 1233 322 26.1 | iM 11.4-15.0 


* Ranges were obtained from confidence limits curves (cf. Barratt et al.13)). 


values estimated in the replicates with a given stock revealed only a restricted varia- 
tion. 


Discussion 


i) Origin of the tan-spored mutant. Strain 4A was introduced to Japan by Prof. 
D. Moriwaki of Tokyo Metropolitan University from the California Institute of Tech- 
nology in 1950. The writer’s stock tan-spore originated from subcultures of that 
strain obtained through the courtesy of the Nagao Institute, Tokyo. The original 
wild-type 4A has been maintained in Japan in substock cultures kept at Osaka Uni- 
versity, the National Institute of Genetics, and the Nagao Institute. Hence, it is 
highly probable that spontaneous mutation from wild to ts might have paclirtell in 
a wild-type mycelium, forming a heterocaryon"). Then, the heterocaryon containing 
ts and wild-type nuclei might have become a homocaryon in respect to ts by some 
selective advantage of ¢s nuclei over wild-type nuclei or by chance selection during 
serial transfers. In support of this inference, Wilson’) reported a case of hetero- 


caryosis for an ascospore character due to a mutation in a single ascospore isolate of 


Gelasinospora calospora, Ryan and Lederberg'*) presented evidence for homocaryoniza- 
tion in an artificial heterocaryon of a Jeucineless mutant of N. crassa, and Olive!) re- 
ported a similar case in a grey-spored mutant of Sordaria fimicloa. 


ii) Variation in cross-over frequency. Cross-over fre 
ts and the centromere varied widely accordin 
(Table 3). Similar results have been reported i 


quency in the region between 
g to the stocks combined in crossing 
n linkage group 6 by Stadler®) and in 
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linkage group 1 by de Serres (cf. Giles e¢ al.'*)). According to these studies it may 
be taken for granted that variation in cross-over frequency in a given region may 
happen universally in this fungus. Stadler®) suggested the presence of a large number 
of heritable factors influencing cross-over frequency in Neurospora stocks. In this 
connection, it may be of interest that the cross-overs increase with serial successive 
back crosses (Nakamura, unpublished). According to Giles et al.!*) the differential sur- 
vival of segregants also affects the cross-over frequency. Doermann!’) reported a 
translocation in linkage group 1 which reduced cross-over frequency. Thus, the 
variation in cross-over frequency in a given region can be interpreted as being due to 
the heterogeneity in genic and/or chromosomal back-ground of the stocks. 
Concluding this paper, it must be emphasized that the cross-over data should be 
always carefully considered in connection with the strains employed in crossing. 


Summary 


1) In Neurospora crassa, an ascospore color mutant ts, which produces tan-colored 
spores was found to occur spontaneously. 

2) Linkage test crosses revealed that ts is located on the right arm of linkage 
group 5. 

3) Genetic distance from centromere to ¢s was estimated in four different crosses, 
to have the values 13.1, 14.1, 23.7, and 30.4, respectively. 


The writer wishes to express his appreciation to Prof. T. Haga under whose gui- 
dance this research has been carried out. The writer further wishes to acknowledge 
his indebtedness to Dr. D. D. Perkins, Stanford University, for stock and advice and 
to Dr. D. R. Stadler, University of Washington, for mutant asco. 
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Synergistic Effect of Indoleacetic Acid and Kinetin on the Primary 
Thickening of Pea Stem Segments 


by Tohru HASHIMOTO* 


Received August 29, 1960 


Since the discovery of auxins as growth regulators of plant stems, many studies 
have been accumulated on the growth of stem in connection with auxin action. How- 
ever, attention of investigators has generally been directed almost to extension growth, 
i.e. increase in length of the stem, but not to thickening growth or increase in thick- 
ness. Although, the thickening of stems has been dealt with by some investigators 
including Snow, Séding, and Avery et al. (refer to Séding'), and Meyer and Ander- 
son2)), their studies have been restricted to the secondary thickening growth in con- 
nection with the cambium activity of stems, and no information is available on the 
control of a primary thickening in stems by a growth substance or substances. 

In the shoot of plants the apical meristem produces young cells. The cells, being 
at first very small, show an increase in size. If the increase takes place in the lon- 
gitudinal direction, this process results in extension growth of the stem, and if in 
the lateral direction, an increase in thickness of the stem appears. It has been 
established that the former process is regulated by auxins, whereas no substance is 
thus far known that controls the latter, although it is probable that a substance or 
substances control the increase in cell size in the lateral direction of the stem. The 
present paper describes that kinetin exerts in the pea stem such an action as the 
presumable substance in the presence of indoleacetic acid (IAA). 


Experimental 


As the material stem and petiole segments of Pisum sativum L. var. Alaska were 
used. The seedlings were cultivated in pots containing field soil in a greenhouse at 
15-25°. The seedlings were harvested when their petioles attached to the sixth nodes 
were upright, the leaflets of the sixth leaf were not completely unfolded, and the 
sixth internode did not appear yet. A single segment of 5.2mm. in length was cut 
from the fifth internode ca. 5mm. below the apical node and from the middle portion 
of the uppermost petiole. Two leaf discs, 5.0mm. in diameter and not including the 
midrib, were punched out with a cork borer from one leaflet. The stem segment 
from the seventh internode was likewise prepared when the internode was at the 
same growth stage as that of the above-mentioned fifth internode. All these materials 
were at a stage of vigorous growth. More detailed description on the materials was 
presented in the previous paper’). 

The three sorts of materials thus prepared were floated on 10m/. of culture 
medium for incubation. In the case of leaf discs care was taken to place the discs 
upper surface up. As the medium, was used Boysen-Jensen’s culture solution contain- 
ing 2 per cent sucrose with or without the addition of IAA, kinetin or the combina- 
tion a the two. The incubation was performed for 18 hours under about 1,000 lux 
at 25°. The illumination was supplied by white fluorescent tubes (Toshiba om) 

After the incubation, measurements were made of the length, diameter ane Sash 
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weight of the segments, and of the area and fresh weight of the leaf discs. The 
length and diameter of the segments were determined with a low power binocular 
microscope, and the fresh weight, with a micro-torsion balance. The area of leaf 
discs was estimated from weight of cut shadow graphs on uniform printing paper. 
For microscopic observation, 6 stem segments of average size were selected from 
each of the treated and control lots as well as from the materials before incubation and 
were fixed in FAA, dehydrated in tertiary butyl alcohol series and embedded in paraffin 
according to Sass’s text-book‘). Serial cross sections, 15 4 in thickness, were prepared 
and were stained with Heidenhain’s iron haematoxylin. This dehydration method was 
recommended as an ideal one causing only a very small shrinking of samples. 


Results 


IAA-induced increase in length of the stem and petiole segments is inhibited by 
the addition of kinetin. As seen from Fig. 1 and Fig. 2, this inhibition by kinetin 
increases with the increasing concentration of kinetin and, in the stem, almost com- 
pletely nullifies the action of 10 ppm IAA (the optimum concentration for the exten- 
sion growth) at concentrations above 0.3 ppm of kinetin. Although in the petiole the 
maximum inhibition is smaller than in the stem, a similar trend is observed in the 
curves. This antagonism of kinetin and IAA in the extension growth is quite in 
agreement with de Ropp’s result*) obtained with the fragments of Helianthus hypo- 
cotyl. The increase in fresh weight which occurs as a result of the IAA application, 
on the other hand, is not inhibited by kinetin even at 0.3 ppm, a concentration high 
enough to abolish the [AA-induced increase in length. 

When a fresh weight per unit length of stem segments is computed, it is easily 
found to be much larger in JAA-kinetin-treated segments than in J[AA-treated or in 
kinetin-treated ones (Fig. 4). The increase in fresh weight per unit length probably 
means that the thickening of the segments took place. 

The direct determination of the diameter of the stem manifests, as shown in 
Fig. 5, that an increase in thickness is really caused. The optimum concentration 
oi kinetin is 0.3 ppm at the dose of 10 ppm IAA, and at concentrations above 0.3 ppm 
the effect of kinetin rather decreases. To be noted especially is that in the absence 
of IAA this effect of kinetin is never observed and kinetin requires IAA to induce 
the thickening growth of the stem. Fig. 6 demonstrates that this effect of kinetin 
and IAA is reproduced in the petiole segments as well. In Fig. 7 the photographs of 
the kinetin-[AA-treated and untreated stem segments are shown. 

The growth in thickness of the stem and petiole segments is slightly brought 
about by IAA alone, but when kinetin which is quite ineffective in itself is added 
together with IAA, a remarkable increase in the thickness is obtained. IAA and 
kinetin act antagonistically on the elongation, but synergistically on the thickening 
of stem and-petiole. This fact suggests that the stem and petiole have different 
properties for growth between the longitudinal and transverse directions. 

The expansion of leaves is stimulated by either kinetin*.?.*) or IAA*). A syn- 
ergism between these substances has been also reported in the expansion of radish 
leaf discs’). As shown in Table 1, the corresponding result was obtained in the pea 
leaf discs, too. In this experiment IAA was added at 10 ppm, the optimum concen- 
tration for the expansion of the leaf discs*). Even when solely applied, kinetin is 
effective. This can be considered, judging from the result obtained with the thicken- 
ing of the stem segments, that kinetin exerts the action in combination with endo- 
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Figs. 1, 2. Effect of kinetin on the IAA-induced increase in length of the stem and petiole 
segments. 

z Fig. 3. Effect of kinetin on the increase in fresh weight of the stem segments in the pres- 
ence and absence of IAA. The initial fresh weight of a stem segment is 6.41 mg. 

Fig. 4. Effect of kinetin on the increase in fresh weight per unit length of the stem seg- 
ments in the presence and absence of IAA. The initial fresh weight per unit length of a stem 
segment is 1.23 mg. 

Figs. 5, 6. Effect of kinetin in the presence and absence of IAA on the increase in diameter 
of the stem and petiole segments. Their initial diameters are 1.28 and 1.12mm., respectively. 
Figs. 1-6. The solid and broken lines indicate the data in the presence and absence of IAA, re- 
spectively. IAA concentration administered was always 10 ppm. The incubation was made for 
18 hours under ca. 1,000 lux white fluorescent light at 25°. 


Fig. 7. The photographs of IAA-treated, 
kinetin-treated and IAA-kinetin-treated stem 
segments. The photographs of untreated stem 
segments and the segments before incubation 
are shown for comparison. A distinguished 
thickening is seen in the JAA-kinetin-treated 
segments. The concentrations of JAA and 
kinetin administered were 10 and 0.3 ppm, re- 
spectively. 
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Table 1. The Synergistic effect of kinetin and IAA on the expansion of pea 
leaf discs. The concentrations of kinetin and IAA are 1 and 10 ppm, 
* respectively. Each figure indicates the increase as per cent 
of that of control during 20 hour culture. 


Treatment | Fresh weight | Area 
Control | 100 | 100 
Kinetin 181 121 
IAA 172 129 


Kinetin+JAA | 208 138 


genous auxin, at least, indoleacetic acid therein. 

For the purpose of obtaining more detailed information about the thickening of 
the stem induced by simultaneous administration of kinetin and IAA from the his- 
tological viewpoint, a microscopical observation was made on the serial cross sections 
of the stem segments. Using the microscope equipped with a micrometer the dia- 
meter and the number of cell layers along the diameter of the treated segments 
were determined in comparison with those of control and those before incubation. 
In the case of the segments from the seventh internodes the distance from the epi- 
dermis to the innermost layer of the pith and number of layers of cells therein were 
adopted for measurement, since the segments have the pith-cavity in the centre. 
As seen in Fig. 8, the cross section of the stem is a square with large vascular 
bundles in the corners. The measurement was carried out through the interfascicular 
region as indicated by the line in the figure. 

To the microscopic observation six stem segments were submitted from each lot, 
and of the serial sections of each segment were examined the following ten sections: 
3 sections from the part near one end of the segment, 3 sections from the part near 


Table 2. The results of the microscopic examination on the cross sections of 
IAA-kinetin-treated and untreated stem segments, and of those before 
incubation. The culture of the segments was made for 18 hours 
under ca. 1,000 lux white fluorescent light at 25°. The 
concentrations of IAA and kinetin administered 

were 10 and 0.3 ppm, respectively. 


ae Before 
IAA+kinetin Untreated aeubation 
aii | Diameter (mm.) LWA ses 0.87 +£0.02 0.79 +0.01 
internode No. of layers 25.5 +0.7 25.3 +0.5 25.3 +0.7 
| ae =~ * ee AE - ~ ew ok 7 a 
Diameter (mm.) 1.28 +0.03 1.10 +0.03 
‘Distance from epidermis 
to innermost layer of | = 0.496+0.017 0.378+0.013 
7th pith (mm.) | 
internode Diameter of pith-cavity 0.316 +0.039 0.206-40.033 
(mm.) 
No. of layers from epi- 
dermis to innermost WAS se().819 1253, +£0.34 


layer of pith 


* The figures connected by +symbol, which were calculated from the standard error of 
each mean yalue, indicate 0.95 confidence intervals. 
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Fig. 8. Microscopic photographs showing 
the cross sections of [AA-kinetin-treated (A, 
D) and untreated (B, E) stem segments and 
of the stem segments before incubation (C). 
A, B and C; the cross sections of the fifth 
internode. D and E; the cross sections of 
the seventh internode. In A and D the en- 
largement of the cells of epidermis, cortex 
and pith is remarkable. The concentrations 
of IAA and kinetin administered were 10 
and 0.3 ppm, respectively. The incubation 
was made for 18 hours under ca. 1,000 lux 
white fluorescent light at 25°. 


the other end, and 4 sections from the middle part, each section being selected every 


17 to 20 sections. 


Thus an unbiased selection of examined sections was secured. 
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The data of the microscopic examination are shown in Table 2. As seen from 
the table, the thickness of the stem, expressed in terms of the diameter, increases 
during the 18 hour incubation period even in the control segments, but in the kinetin- 
IAA-treated segments the increase in thickness is much more remarkable. As is 
observed in Fig. 8, the epidermis, cortex and pith take part in the thickening. 

The number of the cell layers, on the other hand, changes during the experi- 
mental period neither in the treated nor in the control segments as compared with 
that of the segments before incubation. Furthermore, no microscopical figure of cell 
division was seen throughout the section. The above observations indicate that no 
appreciable number of cell division took place in the incubation period of 18 hours. 
These findings are the case in the segments not only from the fifth internode but 
also from the seventh one. Accordingly it is concluded that the increase in thickness 
of the kinetin-[AA-treated stem segment is, under these experimental conditions, due 
to an increase in cell size but not in cell number. 


Discussion and Conclusion 


It was found that pea stem and petiole segments responded to a simultaneous 
treatment of kinetin and IAA, though not to either of them alone, by an increase in 
thickness, without any detectable amount of cell division. This is the first* report 
that the primary thickening of the stem is induced by growth substances. 

Jablonski and Skoog'') and Naylor et al.!®) have reported that in tobacco pith 
culture IAA brings about a cell enlargement entirely unaccompanied by cell division. 
Thereafter, the Wisconsin group including Skoog and Miller has found'-'*) that the 
addition of kinetin together with IAA to the culture induces cell division. These 
reports seem to be in discrepancy with the present result. However, if it is con- 
sidered that they used isolated pith tissues and moreover cultured them as long a 
period as 3 to 24 days, the above seeming discrepancy in results may be readily ex- 
plained. In addition Kuraishi and Okumura have reported’) that the promotion of 
leaf growth by kinetin is ascribed to cell enlargement. It can be assumed that kine- 
tin has two aspects of action such as cell enlargement and cell division. 

To be considered here is the question whether the aspect of the thickening men- 
tioned above really exists in normal plants, under the natural conditions. Esau 
states!’), referring to the work of Troll and Rauh with herbaceous dicotyledons, that 
the primary thickening of the axis occurs through cell division and cell enlargement. 
In dicotyledons and gymnosperms this growth may be rather diffuse, or more or less 
restricted to the pith or cortex. Ball has found!*) with the stem of Lupinus albus L. 
that an increase in diameter of the pith which is associated with a thickening of the 
subapical region of the stem is brought about mainly by an increase in cell size, and 
an increase in cell number is somewhat less important as a cause of the thickening. 
These findings evidence that such an aspect of the thickening of stems as due to the 
increase in cell size really forms an integral part of the process of stem growth. 

In fact the region of the stem from which the segment has been excised in the 
present experiment is im situ in the state of thickening growth as well as of exten- 
sion growth. When it is excised and cultured on the medium containing sucrose and 
some minerals essential for plant life, and even when IAA is added, the segment 
does not show thickening, unless kinetin is added to the culture medium. This fact 
suggests that this region of the stem makes the growth in thickness by the supply 


* Recently Katsumi reported!°) a quite similar result with etiolated pea epicotyl segments. 
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of kinetin or kinetin-like substance(s) im situ. 

Popp, long ago, reported'*) that a plant receiving higher intensity light produced 
a thicker stem than that receiving lower intensity light. We also have observed?") 
in the dark-grown seedling of broad bean, that brief irradiation by low intensity of 
incandescent light causes a thickening of the stem of the seedlings as well as an ex- 
pansion of the leaf. These phenomena are well-known as a feature of prevention of 
etiolation by light. 

Kinetin has such biological actions quite similar to light as stimulation of leaf 
expansion*-*), unbending of the apical hook of dark-grown seedlings®), inhibition of 
IAA-induced elongation of the stem‘), promotion of IAA-induced elongation in Avena 
coleoptiles”!:2), fulfilment, although partial, of nonphotosynthetic light requirement 
for multiplication of Lemna minor), and breaking of seed dormancy®). In the pres- 
ent study a new action of stimulating the thickening of the stem was added to kine- 
tin as its effects similar to light actions. Although a general occurrence of kinetin 
in higher plant tissues is thus far not evidenced, it is probable that kinetin or kinetin- 
like substance(s) plays an important réle in the thickening of stems. 


I wish to express my thanks to Associate Prof. T. Yamaki for his guidance and 
to Dr. N. Hara for his generous help in making the microscopic preparation. This 
experiment was done at the Biological Institute, College of General Education, Uni- 
versity of Tokyo. 


Summary 


The primary thickening of the stem segment of pea (Pisum sativum L. var. 
Alaska) has been studied from the viewpoint of growth substance and histology. It 
has been found that the thickening is induced by the simultaneous administration of 
IAA and kinetin, but not by either of them given separately, and that the thickening 
is due to an increase in cell size of the epidermis, cortex and pith, unaccompanied 
by an increase in cell number. It is discussed that the thickening of the intact stem 
is regulated by kinetin or a kinetin-like substance(s) in the plant in co-operation with 
endogenous auxin. 
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Seasonal Changes in the Osmotic Value, Water Content and 


Solute Ratio of the Bud of Mulberry Tree* 


by Kiyoshi KAWANO**, Rikio Tuzm** and Isao HATAKEYAMA*** 
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It has been shown repeatedly by many investigators'-*) that cold hardiness of 
plants increases as a season enters from autumn to winter, reaching the highest value 
during midwinter and then decreases when the plants are exposed to warm weather 
in spring. As stated in most of their papers the osmotic value of plant tissue is large 
in a season when cold hardiness is presumed to be large, so it is supposed that there 
exists a relationship between the two. 

The osmotic value of a cell in a normal state is due not only to the solute, but 
also to the water content. Hatakeyama’) revealed that the solute ratio (solute content) 
was a valuable aid in interpreting the osmotic value differences. The solute ratio was 
calculated from the osmotic value of expressed sap and the water content on a dry 
weight basis, i.e., “solute ratio ”=P2)-[H:O]/24.05 where “solute ratio”=number of 
gram molecular weights (mols) of solute per kilogram of dry tissue, P2.=osmotic value 
in atmospheres at 20°, [Hz;0]=grams of water per gram of dry tissue, and 24.05=the 
osmotic value of a mol of undissociated ideal solute in 1 kilogram of water at 20°. 
He’) also revealed in the study of the relation between freezing point and cold hardiness 
of plant tissue that the seasonal change in the freezing point of living tissue being 
an indicator of cold hardiness is considered to be due to variations in the colloidally 
bound water in living state and in the solute ratio, but that of dead tissue by freezing 
is due mainly to the change in the solute ratio. 

The authors’) observed similarly in a previous paper that the freezing point of the 
living tissue in the mulberry bud was lower in cold season and its seasonal change 
depended on not only that of the freezing point of the dead tissue, but also that of 
colloidally bound water in living state. But in that paper the details on the freezing 
point of the dead tissue by freezing were omitted out of space consideration, so those 
shall be discussed in this paper. 


Material and Method 


As material, the bud of Akagi, a cultivated race of Morus bombycis Koidz. in Mt. 
Hiei (600m. above the sea-level) was used. In order to avoid variations as much as 
possible in values of measurement which might be influenced by such environmental 
factors as sunlight and rain, the material was collected early in the morning of a 
day next to a fine day. 

A fine thermojunction was inserted in the bud and held in an air-space in a glass 
cylinder of 2cm. diameter, soaked in the freezing mixture of —15°, until the bud 
temperature fell after freezing. The freezing point of the selfsame bud was measured 
repeatedly after thawing it. As the freezing was repeated, the freezing point rose 
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up, to become constant after the second to twelfth freezing when the tissue had died 
of freezing?). 

This successive rise of freezing point will be due to liberation of colloidally bound 
water in living cells'.?), The highest freezing point of the dead tissue after the re- 
peated freezing was still 0.1° lower than that of the brei of the selfsame bud, giving 
the same value as the expressed sap. This rise is considered to be due to liberation 
of the water imbibed or bound in cell wall, protoplasm and others after the sudden 
change of the micellar structure of the tissue‘). 

Therefore, correction for the supercooling of the dead tissue and subtraction of 
0.1° from the freezing-point lowering of it were done). Conversion of the freezing- 
point lowering to osmotic values at 0° was accomplished by Lewis’ formula P)=12.064 
—0.0214?, where 4=freezing-point depression. The value obtained was corrected for 
change in osmotic pressure from 0° to 20° by the equation P2)=P)-293/273. From 
this osmotic value and the water content of the selfsame bud, the solute ratio was 
calculated’). 


Results 


The results are shown in graphs (Fig. 1). The buds at this habitat unfolded in 
the middle of May. The new lateral buds were somewhat smaller in size than the 
old ones in spring. The osmotic value of new buds was low, while the water content 
was very large. And the solute ratio was relatively high. With the lapse of time 
after the budding the water content decreased and beyond that degree the osmotic 
value increased because of the increase of the solute ratio. From July to September, 
not only the water content but also the solute ratio decreased, so the osmotic value 
increased slightly. 

Mol 


xXlgatm. 
100 % 


May July Sept Now Jan March May 


Fig. 1. Seasonal changes in the osmotic value, water content and solute ratio of mulberry 
buds. 


From October to the beginning of April the water content remained almost con- 
stant, while the solute ratio increased from autumn to winter, reaching to its maximum 
in mid-winter and then decreased rapidly towards spring. Therefore, the osmotic 
value changed in the same way as the latter. 

From the middle of April to that of May the water content increased rapidly, 
but the solute ratio remained almost constant except the slight rise in the beginning 
of April. So the osmotic value dropped to its minimum as rapid as in March. And 
soon after the experiment, the bud began to unfold. 
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Generally speaking, from May to September the change of the osmotic value is 
considered to be due to those of the water content and of the solute ratio, while from 
September to April of the next year it is due only to the change of the solute ratio 
and from April to May only to that of the water content. 


Discussion 


Such solutes as soluble saccharides, electrolytes and others and water content are 
playing a weighty part in changes of osmotic pressure of plant tissues. 

Jeremias"’) revealed that in leaves of Hedera helix sucrose was seen in all seasons 
and showed its maximum in late winter when also galactose, raffinose and stachyose 
appearing in winter only reached to their maxima. Henze'!) revealed that in barks 
of fruit-trees free pentose showed its maximum in November, while free hexose in 
February, but all pentoses containing bound ones showed more close correlation with 
frost hardiness than all hexoses. 

Parkers!?.5) observed the similar increase in sucrose, glucose, fructose, stachyose 
and especially raffinose of tree barks and leaves, and revealed®) that raffinose increased 
in autumn from undetectable amount to about 1.5% of the fresh weight of white pine 
leaves in winter and was closely associated with hardiness increase. The raffinose 
decline in spring was relatively steep, as was the nearly concomitant change in hardi- 
ness. 

Taguchi and Miyazaki'*) observed that the seasonal change in solute concentration 
in new shoots of fruit trees was due considerably to the change of electrolytes in the 
growing season and to that of non-electrolytes in winter. Also in the shoot of Quercus 
tree grown for rearing wild silkworms, Yamazaki et al.1*) observed that the content 
of reducing sugars increased greatly in winter and decreased in spring. 

Using mulberry leaves Iwanari'*) observed that copper content in growing leaves 
in May was about twice as much as in full grown ones in October. Kashiwada'!*-?8) 
revealed that in mulberry shoots sucrose was seen all the year round, being more in 
August-September and March-April, and less in October-November. Glucose had a 
tendency to be constant throughout the year. Fructose was less in August, more in 
October-November and disappeared in March. In November, maltose, raffinose and 
stachyose appeared and their contents in winter were considered to be related to cold 
hardiness. He observed raffinose and stachyose also in mulberry buds in winter. 

Using the bark of mulberry twigs at Sapporo, Sakai’:*.1°) stated that stachyose first 
appeared in mid-October (ten days before the defoliation), then increased in the colder 
months, but it showed a marked decline in April and was not detectable in the latter 
part of the month (ten days before the budding). There was a marked increase in 
stachyose, raffinose, pentose as well as sucrose from autumn to winter, but no such 
increase in other sugars. The content of sucrose amounted in summer to 67% and 
in winter to 80% of the total sugar content. 

In consideration of the premises, the osmotic value of each solute component in 
tissue is hard to understand, but the change of the solute ratio from May to September 
may be due considerably to that of electrolytes and from October to March to that 
of non-electrolytes. It may be able to say that September-October and April are the 
physiological turning-point of mulberry buds in Mt. Hiei because those months are 
not only the beginning and the end one of constant water content but also the time 
of the change of solute components. 


The high osmotic value due to the high solute ratio as well as the large amount 
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of colloidally bound water in living state?) is very favorable to cold hardiness in winter, 
while the low osmotic value due to the large water content as well as the small amount 
of colloidally bound water is a condition susceptible of frost damage in April-May. 


Summary 


The change of the osmotic value of mulberry buds is considered to be due to 
those of the water content and of the solute ratio from May to September. The 
water content being constant from September to April of the next year, the change 
of the osmotic value is due only to the change of the solute ratio, while the solute 
ratio being constant from April to May, the change of the osmotic value is due only 
to the change of the water content. It may be able to say that September-October 
and April are the physiological turning-point of mulberry buds in Mt. Hiei. 
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I], Variation in Fruit Shape Caused by Grafting 
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Soviet authors have acknowledged the possibility that the change in life conditions 
induces change in some heritable characteristics of the organism. A number of 
Japanese biologists have seriously discussed on this problem, and some positive ex- 
perimental data have been presented by Y. Sinoto'), J. Kasahara et al.?), K. Hazama‘*) 
and others. 

Since 1954, the present author has been engaged in the studies on graft hybrids 
between two varieties of Capsicum annuum L. in the experimental field and green- 
house of the Faculty of Textile Industry of Tokyo University of Agriculture and 
Technology. These experiments have been made to examine whether any variation 
is induced or not by intervarietal grafting, and whether the variation, if any, is 
transmitted to the progeny or not. 


Materials and Methods 


Two varieties of the red pepper—Capsicum annuum L. var. fasciculatum Irish 
and var. grossum Sendt.—were used as materials for grafting; the former (called 
Yatsubusa) bears elongated cuspidal 
fruits in cluster (Fig. la), and the 
latter (Spanish Paprika) bears a 
single large bell-formed valleculate 
fruit on each node (Fig. 1b). 

The seedlings used for grafting 
were of a pure line which had been 
preserved for generations at T. 
Sakata & Co. Each of the experi- 
mental plants was cultivated in a 
flowerpot. The seedlings bearing 
each 12-15 leaves were treated ac- 
cording to the method of cleft- 
grafting. The point of grafting was 
tightly bound with woolen yarn. 
In order to facilitate the tissue con- 
nection, grafted plant was covered 
with a beaker, kept in a shade in a greenhouse and watered enough. In general, 
7-10 days were required for the stable connection between scion and stock, and then 


Fig. 1. Fruit shape of two varieties of Capsicum 
annuum L. used for grafting: a. Yatsubusa, b. Span- 
ish Paprika. 
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the bandage was removed. 

Yatsubusa was used for the scion as well as for the stock. In the case of the 
scion, a shoot of Yatsubusa with 4 to 5 leaves was grafted on the stock of Spanish 
Paprika, which was cut at a point on the 8th-10th internode from the bottom (Fig. 
2a). In the case of the stock, a shoot of Spanish Paprika with 7-9 leaves was grafted 
on the stock of Yatsubusa which was cut on the 9th or 10th internode from the bot- 
tom (Fig. 2b). In both cases, some of the new leaves formed on Yatsubusa were 
picked off as soon as they came out, so as to avoid too much assimilation during the 
growing period. 


Rooted plant 
for control 


Yatsubusa Grafted plant Spanish Paprika 


-3E ; 


Yatsubusa Grafted plant Spanish Paprika 


b. 


Cutting plant 

for control 

Fig. 2. Figures illustrating the methods of grafting and controlling: a. The 
scion of Yatsubusa was grafted on the stock of Spanish Paprika and the remain- 
ing rooted part of Yatsubusa was prereserved as control. b. The shoot of Spanish 
Paprika was grafted on the stock of Yatsubusa and the shoot of Yatsubusa was 
prereserved by cutting as the control. 


Precaution was also made using the following plants as control: in 1954, the 
rooted plants of Yatsubusa, from which the scions had been cut, were prereserved 
(Fig. 2a), whilst the tops of the plants were cultivated by cutting (Fig. 2b). In 1955, 
the plants, which were raised from the seeds obtained by self-pollination of the 
control plants in 1954, were cultured; in 1956, the progeny of the second seed genera- 
tion were used. 

In order to avoid cross pollination, each flower of the grafted Yatsubusa was 
covered with a parchment-paper, but this treatment gave a deleterious effect on 
fruiting. Therefore, the grafted plants were grown in a greenhouse and the artificial 
pollination was made early in the morning. The control plants were also treated in 
a similar manner, but in another greenhouse. The flowers of Spanish Paprika, 
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which was used as stock or scion, were taken off at their stage of flower-bud. 

In the present paper, the following abbreviations were used: GYo=grafted plants 
of Yatsubusa; GY:i=the first and GY:=the second selfed generation of the GYo; 
Y.=control plants for GY); Yi=those for GY: and Y2 for GYe. 


Results 


(1) Results obtained by grafting on Yatsubusa-plant (GY): 


In the grafting tried on June 5th, 1954, 14 out of 20 plants had successfully grown. 

Some variations could be observed in the fruit shape of GYo. One fruit of a 
stock-plant (GYo-3) showed a clear-cut character of Spanish Paprika as shown in Fig. 
3. This fruit is designated as GY,.-311. Some of the other fruits of GY -3 were 
round or sunken at the fruit top (Figs. 4 and 5a). These transformed fruits were 
found on a single plant together with standard ones characteristic?for Yatsubusa. 
On a scion-plant (GY,-13), two transformed fruits were also found. Such a trans- 


\ 


a 


ere 


Fig. 3. The most conspicuous transformed fruit (GYo-311) of the GYo-3 plant produced by 
grafting with Spanish Paprika. 


Fig. 4. Appearance of the GY»-3 plant bearing transformed fruits (shown by arrows) and 
standard ones. 


es Hise 5. a. All fruits of the GY»-3 plant. b. All fruits of Yo-3, cutting control plant for 
0-9. 


Fig. 6. Appearance of the Y)-3pl ant. 
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Table 1. Variation in the fruit shape of the grafted plants of Yatsubusa; GYpo (1954). 


Grafted plants Control plants 
Fruit types and No. of fruits Fruit types and No. of fruits 
A B C D Bye A B C D Eee 
ot = 
Oo a 
g g 
rs ele ie 2 |3 
os a a & Aa lH 
Au <5) Gs <P 
ee ee es eet om 7 ae CS 
4 — 10 2 1 — — ST) 4 = — -— C 
5 — 10 3 — — = ST} 5 — 4 — C 
6 — — — — — ST| 6 a 5 = = — —C 
if -- 5 Salinas = 3 = aaa —- —C 
11 3 5 — — = SC) i = 11 R 
12 — 6 — == SC} 12 — 17 R 
13 — 10 — = 2 SiC P13 — 7 R 
14 = 15 a == — USC ie: = 16 R 
15 — iL 5 — — i SC 15 = 11 = os — —R 
16 12 = SC) ie 4 11 R 
17 = 4 il — — — SC} 17 = ii = a — —R 
19 — 11 2 — SoG 19 ~- 14 R 
20 — 13 SC} 20 — 15 R 
otal 15 101 22 4 5 2 Total 432 0 0 0 0 
% ORO, on 149) 256 3.3), des % 2 OES fen 0 0 0 0 
#5) ben Stock. *k C; Cutting plant. 
SC: Scion. R: Rooted plant. 


formation in fruit shape was never observed on the control grown by cutting, 7.e., 
Y.-3 for GYo-3, Yo-13 for GY .-13, and so on (Table 1 and Figs. 5b and 6). In the 
next year it was found that all the fruits of hibernated Y.-3 plant were also of a 
standard shape. 


(II) Results obtained in the First Selfed Generation of the Grafted Plant (GY1): 


Out of the fruits of GY.-3, four fruits of different shapes were selected for sow- 
ing: (1) conspicuously transformed, GY,-311 (2) a little transformed, GYo-312 (3) not 
transformed, GY,-321 (4) sunken at the top, GY.-331. A portion of the seeds in each 
group were sown separately. The seeds obtained from Yo-3 were sown as the control 
for GY:. Besides, cutting plant Y.-3 which had hibernated in a greenhouse was 
used again as the control. 

All the seeds were sown in Petri-dishes on April 17th, and the seedlings were 
transplanted to the nurseries of wooden box in a greenhouse, and afterwards, each 
plant with 12-15 leaves was transplanted to a flower-pot. 

The results in the first selfed generation from GYo-3 and Yo-3 are given in Table 
2. The range of variation in GY:1 was found to be greater than that of GYo. The 
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Table 2. Results in the first selfed generation of the grafted plant; GY, (1955). 


First selfed generation of the grafted plant 


Fruit types and No. of fruits 


A B C D E F G 
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io) 
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° be 

) 

: : | ) /\ () 

x ° 
311 11 “= 47 4 — — 2 1 
312 4 = 11 3 4 1 =o 1 
321 10 -- 52 _ — — — — 
331 Z — 21 2, 1 6 — 4 
Total 32 0 131 9 5 7 2 6 
% 0 81.9 5.6 3.1 4.4 tee 3.8 

Control plants 
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Y1-3 1 = 6 = = — — — 


* Y,-3: Hibernated plant. 
Y,-3: Selfed progeny. 


transformed fruits are classified as shown in Table 2. One fruit from Yo-311 family, 
had the same valleculae as GY,-311 fruit in the previous generation (Fig. 7). This 
fruit was designated as GY:-311-1. One fruit out of GY ,-312 family and four out 
of GY ,-331 family showed no cuspidation. They were round or sunken at the fruit- 
top (Table 2). 

The appearance of the transformed fruits in this generation was similar to that 
in GY». These transformed fruits were found among the standard fruits (Fig. 8). 
The frequency of occurrence of the transformed fruits was 3.8 per cent. The progeny 
from GY -321 fruit which had not been transformed in GY», showed no transformation 
in this generation, too (Table 2). 

The Y:-3 plant, the selfed progeny of Yo-3 and the hibernated Yo-3 plant had 
the fruits only of the standard shape (Figs. 9 and 10). 


(III) Results obtained in the Second Selfed Generation (GY:2): 


In this generation, two parent plants were chosen out of twelve plants of GY,:-311 
family in 1955 and one fruit was taken from each of them. And seeds therefrom 
were sown for GY2 test in 1956. These two fruits were designated as GY:-311-2 (C) 
and GY:-311-6 (F). On the other hand, two fruits, GY:-331-3 (B) and GY:-331-7 (G) 
from two of the GY:-331 family were selected and sown. The letters in parentheses 
correspond to those of the classification of fruit shapes in Table 2. As the seeds of 
the GY:-311-1 fruit (G) remained immature, the seeds of GY.i-311-2 obtained from 
the same plant were sown instead of them. Selfed progeny from Y:-3, namely, Y2-3 
plants were used as the control in this year. The same methods of cultivation as 
those in 1955 were adopted. The date of sowing was April 20th. 


In this generation, four out of seventeen plants bore five fruits with valleculae, 
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: : 10 , , 
Fig. 7. The most transformed fruit (GY,-311-1) appeared in the first selfed generation from 


GY>-311. 
Fig. 8. Appearance of the plant bearing the GY,-311-1 fruit. 


Fig. 9. Y,-3 plant, first progeny of the control. 
Fig. 10. Control plant, hibernated Yo-3. 


one of the diagnostic characters of Spanish Paprika. The details of the results are 
shown in Table 3. Frequency of occurrence of these transformed fruits was 2.4 per 
cent. Comparison between GY: and GY» as regards frequency of occurrence of the 
transformed fruits is shown in Fig. 11. One fruit from GY:1-331-3 family showed 
the most conspicuous characters of Spanish Paprika. The fruit became bigger and 
shorter, and it had deep decussate vallecula on fruit top (Fig. 12). This and the 
other transformed fruits were found among the standard ones in one cluster (Fig. 13). 
It is noteworthy that a remarkable difference in shape was observed between this 
fruit and the mother GY:-331-3 fruit (Fig. 14). 

Although there was some aberration in fruit shape of the control plants, Y2-3 
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Table 3. Results in the second selfed generation of the grafted plant; GY: (1956). 


Second generation of the grafted plant 


Fruit types ond No. of fruits 
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30 70 not occur in Y2-3 plant. 
(IV) Results obtained from the Cross 


between Yatsubusa and Spanish 
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In order to see whether or not the 
variation in fruit shape by grafting is 

mp due to natural crossing, the artificial 
crossing, YatsubusaXSpanish Paprika 
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7 | = 4 was tried in 1956. The mother plant 
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much bigger than those of Yatsubusa 
(Fig. 15). The Fi plants bore a single fruit upside down on each node. This result 


was quite different from that of the grafting between the same two varieties. 

As shown in Table 4, it was observed that the results of grafting, crossing, and 
control experiments were distinguishable from each other. For further evaluation of 
the effect of grafting, the author has conducted the experiments by successive graft- 


ings for three generations. The results will be reported elsewhere. Conclusive dis- 
cussion will also be described therein. 
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13 a * 
Fig. 12. A transformed fruit appeared in the GY,-331-3 family. 
Fig. 13. The transformed fruit coexisting with standard fruits of Yatsubusa. 


Fig. 14. The mother fruit which produced the transformed fruit (left) and other fruits on 
the same plant. 


Fig. 15. a. Fruit born in F; of the crossing, YatsubusaxSpanish Paprika. b. Mother fruit 
in this crossing, Yatsubusa. 


Table 4. Some diagnostic characters of mother plants, F, plant and grafted plant. 


Habit of branching Habit of fruiting Fruit shape 
Yatsubusa weak bearing several elongated, cuspidal 
fruits upright in 
a cluster 
Spanish Paprika strong bearing a single large bell-shaped, 
fruit upside down having valleculae 
on each node on the fruit top 
Yatsubusa same as Spanish same as Spanish same as the fruit shape 
x Paprika Paprika of Yatsubusa but much 
Spanish Paprika bigger 
Yatsubusa same as Yatsubusa same as Yatsubusa elongated but multiform 
23 on the fruit top; (a) 
Spanish Paprika valleculate, (b) sunken, 


(c) round, (d) cuspidal 
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Summary 


1. Experiments on grafting between Capsicum annuum L. var. fasciculatum 
Irish and var. grossum Sendt. were carried out in 1954. 

2. Distinctive transformation in fruit shape, which might be due to an effect of 
grafting, was observed in two grafted plants, and the transformed fruits coexisted 
with the standard ones. 

3. The variation in fruit shape appearing in the first and second selfed genera- 
tions was investigated. It was found that the diagnostic characters of transformed 
fruit were transmitted to the progeny of the following two generations. 

4. Such variation as found in fruit shape of the grafted plants and their progeny 
was not observed on the control plants for three successive generations. 

5. The variation in F: plants obtained by sexual crossing between the same two 
varieties was essentially different from that of the grafted plants and the progeny. 
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Studies on the Germination of Grass Pollen II 
Germination Capacity of Pollen in Relation to the Maturity 
of Pollen and Stigma 


by Kotaro WATANABE* 


Received September 9, 1960 


In a previous paper’), the author reported that grass pollen grains exude a liquid 
before germination on their own stigmas, and those which exude no liquid are in- 
capable of germination. To study more in detail the relationships between germina- 
tion and liquid exudation, the germination ratio and behaviour of pollen on the stigma 
were examined, especially in relation to the maturity of both pollen and stigma. 


Materials and methods 


Main materials used were barley (Hordeum vulgare), common wheat (Triticum 
vulgare), Einkorn wheat (Triticum monococcum), rye (Secale cereale), maize (Zea Mays) 
and rice (Oryza sativa). 

Some fresh stigmas were placed on a slide-glass and pollinated with pollen from 
splitting anthers. After placing the preparation for 1-2 hours in Petri-dish with or 
without a sheet of wet filter paper, the materials were stained with aceto-carmine, 
and all the grains which had adhered to the stigma were examined. In maize, the 
tips of stigmas, about 5-10mm. in length, were usually observed. In the case of 
natural pollination, the florets which bloomed on the day or on the preceding day 
of experiment were chosen. The stigmas to which the pollen grains adhered in 
crowds were discarded. 

The stigma hair, consisting of four rows of cells, has at first a form of a smooth 
column. Then each cell of the hair begins to project at the upper end and grows to 
maturity. Only the stages of immature stigma or stigma hair will be distinguish- 
ed below as ‘‘smooth-’’ and “‘papillate-stage’’ (Fig. 1). The stigma does not 
uniformly develop over the full length, but the tip develops earlier than the base. 
In the course of development there appears the stigma which has the stigma hairs 
of the smooth-stage at the base and those of the papillate-stage at the tip. Such a 
stigma will be described below as “‘ intermediate-stage’’. In the long stigma (silk) 
of maize, the upper parts were at times used as the material of papillate-stage, and 
the lower parts as that of smooth-stage stigma. The process of the stigma develop- 
ment in Zea has been described by Weatherwax?). 

The developmental processes of grass pollen grains have already been studied in 
wheat?), rye‘) and rice’). In the pollen grains of common and Einkorn wheat, the 
present author observed that starch grains appear after the translocation of the two 
pollen nuclei to the neighbourhood of the germ pore. They increase once in number 
as the vacuole becomes smaller, and fill up the pollen grain with the complete disap- 
pearance of the vacuole. Before the anther dehisces, the starch in many pollen 
grains decreases at the end opposite to the germ pore®’). This phenomenon of starch 
decrease was recognized in all the species observed, i.e. in wheats, rye, maize and 
rice. It was especially remarkable in rye. In the following two types of grains, 
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A B G A B 
Fig. 1. Schema of the devel- Fig. 2. Two types of pollen 
opment of stigma hair grains t 
A-B: Immature A. Starch-stage grain 
A: Smooth-stage hair B. Sugar-stage grain 
B: Papillate-stage hair Starch grains are shown 
C: Mature with the dots. 


namely, those densely filled with starch grains and those in which starch is more or 
less decreased, will be provisionally called ‘‘starch-stage’’ and ‘‘ sugar-stage’’ grains 
(Fig. 2), respectively. In general there exist no morphological differences between 
these two forms. The grain of the starch-stage is, however, stained dark red or 
reddish brown in colour with aceto-carmine, while that of the sugar-stage is stained 
light red or reddish orange with the same dye solution. From a dehisced anther, 
in most cases, there appear pollen grains of these two stages. 


Results 


1. Germination percentage of poilen on mature stigma 


There are tolerable fluctuations in the germination percentage of pollen on in- 
dividual stigma. The present data show, however, that the pollens show 60-80 per 
cent germination on their own stigmas with both natural as well as artificial pollina- 
tion (Table 1). The reason why the remaining, apparently mature grains do not 
germinate may lie both in the nature of stigma and in that of the pollen grain itself. 


Table 1. Germination percentage of pollen on the mature stigma 


; No. of : aoe 
: Art of polli- : No. of grains Germination 
Species nation seme. Germ./Observed percentage 
Invest. 
Agropyrum ciliare natural 148 1480/2036 72.7 
fi | 
Avena sativa | natural 31 691/1037 66.6 
Hordeum vulgare natural 49 1054/1713 61.5 
(cult. var.** Sangatsu-Mugi) artificial 16 258/376 68.6 
Oryza sati . ; - 
| SCH ibapheemcmbiametie Ss fo 66 1654/2376 69.6 
Poa annua | natural 101 1785/2623 68.1 
Secale cereale artificial 17 1084/1466 73.9 
Triticum vulgare aneas 7, 888/1390 63.9 
(cult. var. Norin No. 26) artificial ‘4 456/729 62.6 
Zea Mays (flint corn) | natural 20 426/511 83.4 
(pop corn) natural 39 537/849 63.3 


* Excepting Zea, one of the two branches of a stigma was counted as a unit. This is 
also the case with the other tables. 


** cult. var.: cultivated variety. 
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2. Germination and maturity of pollen 


Niethammer*) tested the germination of pollen in various species by artificial 
media, and found that the group of pollen which germinated well contained much 
sugar, whereas another group showing no germination had a large quantity of starch, 
but not any detectable sugar. The similar starch-germination relationship is already 
found in Cassia Fistula (Tischler®), ‘‘ Befruchtungs-’’ and ‘‘ Bekéstigungspollen ’’*) 
and later by Sisa!®) in the pollen of loquat (Eriobotrya japonica). 

As shown in Table 2, most of the grains of Einkorn wheat which did not germi- 
nate on the stigma belong to those of the starch-stage, i.e. those densely filled with 


Table 2. Types of pollen grains not germinated on the mature stigma. 


Situation No. He __No. of pollen grains | Percentage of 
ena deren | pee | ana oe | panel: 
Top (ean (7 pre at es CR | Perse pines | PENS 
Middle B30) | 7 | 363 ft 13.6) iy 4) 


Table 3. Relations between pollen maturity and germination 
capacity. Secale cereale. 


No. of pollen Breas 
_ No. of mature Broth Germination 


Stage of pollen grain stigma examined! Gorm /Obser¥)) Percentage 


Starch stage 4 3/661 0.5 
Starch-stage, contain- 

ing a few sugar-stage 8 92/831 délesal} 
ones 


Starch-stage, contain- | 
ing rather many sugar- 8 184/850 | 21.6 
stage ones 


Sugar-stage,* contain- 
ing some starch stage 4 260/604 43.0 
ones 


* Pollen grains from florets flowered on the ear cut before 
natural flowering. 


starch grains. It is also evident, as shown with rye pollen in Table 3, that the pol- 
len grains belonging to the starch-stage germinate with difficulty. Here, the starch- 
germination relationship is also recognized. 

Most of the starch-stage grains exude no liquid on the stigma. They shrink 
sooner or later. Even when they germinate, there develop poor pollen tubes in most 
cases. More immature grains have no germination capacity. 


* By adding diastase, Tischler found that the ‘‘ Bekéstigungspollen’’ secured the ability to 
produce the pollen tube. He also found the pollen of many other tropical plants passed the 
starch stage. 
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A few remarks may be mentioned here. In rye and Einkorn wheat, even the 
sugar-stage grains were rather difficult to germinate, as they were obtained from 
anthers before natural dehiscence by cutting the ear before flowering (Table 3) or 
taking out the anther from a closed floret. The anthers in one and the same floret 
do not necessarily develop with the same tempo. In one case in Einkorn wheat, two 
of the three anthers in a floret contained almost wholly the starch-stage and more 
immature grains, whereas the other had a great majority of sugar-stage grains. 


3. Behaviour of pollen grains on immature stigma 

As shown in Table 4, the germination percentage of pollen grains on the im- 
mature stigma is not so good as on the mature stigma, with the exception of Zea 
Mays. Generally, the germination of pollen grains becomes better as the stigma 


develops. 


Tablbe 4. Germination of mature pollen grains on immature stigma. 


Gees Humidity | Stage of | No. of | No. of grains | Germ. 
condition | stigma stigma | Germ./observ. | percent. 
} | | | 
Hordeum vulgare | Moist | S & P2 | 80 366/2049 den, 
C.v.1) “Trebei I” chamber | | 
WV Helio (M) (8) (343/519) (66.1) 
G5 Coach ' PI Se em 54 306/959 31.9 
ud ils. (M) | (30) | (1439/1803) (79.8) 
| | 
ne Marat ote! P / 38 | 247/1091 22.6 
chamber | 
Cy MER oto (M) | (8) ) (246/410) (60.0) 
Asahi” he SS SS”: hk whe. halen eee jt 8! Sip 8 aS me 
In the P 25 100/596 16.8 
room (M) | (10) (230/433) (53.1) 
‘ cu 59 74/960 i RT 
Moist I 8 35/234 15.0 
iy chamber P | 4 | 39/141 PY eri 
ecale cereale | J. (et of net 655) Netves hae. (954/1648) (57.9) 
in the S & 1 58 S241 a ps 22 Ttage 
nGae 12 22 542/1433 | 37.8 
| (M) (14) (1452/2222) | (65.3) 
Triticum vulgare In 4th | 10 44/277 15.9 
C.v. “Akakawa- n the I | 8 91/338 26.9 
Aka” room P | 32 606/1528 39.7 
(M) (10) (627/983) | (63.8) 
Moiat | S) | 4 0/92 0 
A ee I 8 37/288 12.8 
Triticum mono- her marae P 12 99/479 20.7 
eocowm War, oldel..ch. cello, saves. § 2 we. ubotia 2 (4) sere teber. (422/611) (69.1) 
vulgare | 16 Bad. 4 7/381 Ane So 
tn the I 18 33/465 led entiey 
room P 10 107/446 | 24.0 
(M) (12) (1026/1431) | (71.7) 
a Mays In the I 3 "238/289. | SD 
“ > 
.v. “Koshu room P 30 382/444 | 86.0 
(M) (45) (1366/1908) (71.6) 


1) C.v.: Cultivated variety. 


’ ’ , ge immatur Ss gma > 
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The behaviour of pollen on the immature stigma was compared with those on the 
mature stigma. An excised immature stigma and a mature one were placed on a 
slide-glass side by side, and simultaneously pollinated with pollen from one and the 
same anther. The preparation was immediately brought under the microscope. 

On the immature stigma, the liquid exudation from the grain surface, the “ wart- 
like form change”), occurred generally later and proceeded more sluggishly than 
on the mature stigma; in Secale, the exudation began on the mature stigma 10-15 
seconds after contact with the stigma cells, while on the immature stigma it began 
In most cases after about 40-45 seconds. The pollen grains showing the exudation 
were small in number on the immature stigma (and others shrunk sooner or later), 
whereas on the mature stigma it occurred in most of the grains. On the immature 
stigma, the amount of liquid oozing out between stigma cells and pollen grain was 
also smaller than that on the mature stigma, and many of the grains burst soon 
after the liquid exudation or just after producing the tube. From the latter effect, 
the germination ratio of pollen on the immature stigma became much smaller. As 
the stigma advanced to maturity, the frequency of the liquid exudation of pollen 
became larger and that of bursting smaller. 


4. Growth of pollen tube on immature stigma 


Usually the pollen tube emerging on the immature stigma grew very poorly. In 
Secale the tube, if elongated to some extent, did not enter the immature stigmatic 
tissue of the smooth-stage. Sometimes the tip of the tube swelled spherically and 
some of them burst thereafter. There also appeared pollen tubes thinner or thicker 
than normal. Often the tubes growing along the grain surface suddenly burst at 
the tip as soon as they came into contact with the stigma cells. In Zea, the same 
phenomenon was also often seen on the mature stigma: exceptionally the tube entered 
immature stigmatic tissue of the smooth-stage at the point where the tip of the 
stigma rachis divided into forks. 


5. Occurrence of reducing sugar in pollen and stigma 


With Fehling’s solution, reducing sugar in the pollen grain and stigma were ex- 
amined in Einkorn wheat. The preparation was heated to the boiling point and soon 
observed under the microscope. 

Sugar content was greater in the pollen grain than in the stigma, but it was dif- 
ficult to find any differences in the content between starch- and sugar-stage grains. 
As the stigma developed, the sugar content also increased. More precipitation of 
cuprous oxide was observed in the stigma rachis than in the stigma hair. In the 
immature, especially in the smooth- or intermediate-stage stigma hairs, they could 
scarcely be detected. 


Considerations 


From the results obtained above, the relation of the germination capacity of pol- 
len to the maturity of both pollen and stigma may be summarized as follows (Table 
5): 
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Table 5. Maturity of pollen and stigma in relation to 
the pollen germination 


wa Stigma 
Pp Immature Mature 
Pollen 

| Bad or no germina- 
tion; Non or almost 
Immature (No germination ?) no liquid exudation; 
Shrinkage but no 

bursting 
Bad germination; Good germination; 
Mature Non or little liquid Remarkable liquidex- 
exudation; Shrink- udation; Some shrink 

age or bursting or burst 


It can be seen from the table that a liquid appears between pollen and stigma 
whenever the pollen grains are capable of germination. Good germination is, however, 
secured only when the mature pollen grains fall on the mature stigma. Pollen grains 
of various maturity stages are contained even in one and the same dehiscing anther, 
and the germination percentage on the mature stigma is influenced by the ratio of 
pollen grains of a certain developmental stage. The grain filled with starch produces 
the tube with difficulty. Most of it shrinks on the stigma, and never shows any re- 
markable liquid exudation. 

On the mature stigma, most of the mature pollen grains exude liquid soon after 
coming into contact with the stigma cells, and then the tube emerges. The grains 
which do not exude the liquid do not germinate, but begin to shrink. On the im- 
mature stigma, many of the mature grains shrink sooner or later, and even when 
the grains exude a small quantity of liquid, many of them burst before or after the 
emerging of the pollen tube; the nature of the liquid on immature stigmas seems to 
be different from that on mature ones. As will be stated in detail in another paper, 
the stigma reaction!!,!2), i.e. a rapid increase in the permeability of stigma cells im- 
mediately (within one minute or so) after pollination, occurs most conspicuously at 
the portion of the stigma hair where the pollen grain shows “ wart-like form change” 
or visible liquid exudation. When the stigma reaction occurs, the liquid covers the 
surfaces of the stigma hair and the pollen grain, and, presumably, the liquid at that 
time is derived from both of the partners. 

The exuded (‘normal’) liquid seems to be highly viscous'). Besides moderate 
water supply'*-!5), some agents contained in it may stimulate the germination. In 
a cultivated variety of rice, for example, some amino acids (serine and alanine) are 
abundant in both pollen and pistil, and with the addition of these on the artificial medium 
the germination ratio of the pollen becomes larger'*). A similar effect of amino acid 
contained in pollen and stigma is also recognized in maize!’). The difference of sugar 
ae between mature and immature stigma is also to be concerned in the germina- 
ion. 

a pad ie Re ape EET well on. both mature and immature stigmas, 
y of the grains do not exude the liquid for a few 
THe oealig +4. bee coe “ig Bags pe This also the case with other species. 
stigmas and can onninate after ( ed bie , = an 08 a. a pea 
pollination. The pollen of this speci ae ssaise. beth ck ee eerie: eer 
water supply for germination*?.1®) . The my t = . vara i ae igor 
regulation of the pollen grains ee well th aie. tater . ugar 25 ee. 
e water condition of the stigma may, in 
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this case, have great influence upon the pollen germination. 


Summary 


1. On the stigma, the grass pollen shows about 60-80 per cent germination 
under natural as well as artificial pollination. The pollen grains, which are apparent- 
ly mature but germinate with difficulty, are densely filled with starch grains, whereas 
in the pollen grains which are capable of germination the starch grains are decreased 
at the end opposite to the germ pore. More immature pollen has no germination 
capacity. 

2. The germination on immature stigma is not so good as that on mature stigma. 
The percentage of germination increases as the stigma ripens. As an exception, the 
maize pollen can germinate well on both mature and immature stigma. 

3. The liquid that oozes out between pollen grain and stigma cells before the 
pollen tube emerges seems to be derived from both of the partners, and also to 
stimulate the pollen germination with some agents contained in it. 


Grateful acknowledgment is due to Prof. S. Imamura, and Assoc. Prof. M. Hama- 
da of the laboratory, and to Lect. K. Kato of the Inst. of Botany, Faculty of Sci., 
Kyoto University, for their kind advice and criticism. 
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Fig. 2. Diurnal movement of zoospores of aquatic fungi in spring. 
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Fig. 3. Diurnal movement of zoospores of aquatic fungi in winter. 


(KiLHO ZURHS. FHOMB(C LH, Beals 
HMI HITHEV CSAS, MERIT L > CHR S HH 
HITED), KEI EDATS £5 C7 SAEED 
BAoNEM, FROMEEETS.- 

2. BEBIUAE 

FIC LOBRARSHS, ERMEFO BAN 
7o HE BW) % FD BATE Vy. SILI KO A OB 
eRe LICL C, COMEEMNAS. 

MUZE & LYASE 1 AU CA LICH 
bBW208, 1 AHUEEFOAMALEBICHE 9, 
EHICHAICHBT SAR, Eicitae< hone 
(25 3). HICRAOMKO Aiclt, KOMMKE 
SHB Ce hBREASWAN, WE FILM lcli# 
HOS, BROAD A & BIE D378 56 hr Fe 
vx. Salvint) ji 7k 4 OS 2 EAI OWE FIL 
25° OAKHA CLI Ty & A 7ev», 30° Ch ress 
MALATSTCLERMUETHOSM, HPMOBAO 
ARLE 24—27° CC, WEHEFOWMKIC AS 4 LIE 
Roig. Loeb, HEIR ICRI L, 
BA Ds (CANE FEO ARGB IZ SB. TOUR PP LRA 
DERBI LEBEOBSLREVKEWAUG, —Aiz 
Wha. D 7S ii 4 72H CIE, Kore < PHEF ORES 
Mis RbohrmeVYbOLwALI. 
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s gz 


EMO L 5 ICKAEROUWEF IL, Mh ay zZ 
hy & AIC BAM TRB e ie 5c LI 
DCHER, BHORFILBMIC Lo Th, Kile 
LoChRes. HEFORHBH*s RAV SZER 
LLCHA«AFLSNSA, FORD CLOWN 


KAKA CHS. Metro LAA (FD) 
eh (EF) tf eORVwACh AR ANT 
Wd. 

HETORUBMEEZL SBA, WEFORHN 
DHX we SB. Salvint) jC ke Saprolegnia, 
Achlya, Dictyuchus #8 2 Wek HOWSEF ORK 
COREE AHIT Ko CHES, —RICH MS CR 
<, 20—25° Cit 200n/B CHSLEW5. ¥ 
tc, Hoéhnk2), Cotner3), Salvin?) 5ORP3E Cia, VE 
HEF O 1 OVAL LRAT C, EE FRRE 
tt 50—70 cm KL 7S. ChHheRE< DRA 
DC, THEFA OMMIC ko CHARRETFSO 
TL7RRAS 2—3m ORV SNS. ABI, 
ARIRAS 8.5m OBA CAIARID “CokERA & it 
HEF ORHDGO ABE PNAS, Bee te HRS 
bonird»5 yf 

TAA OVEEF LEM AAS SIGH L, AR 
BPS > THRILIRRBIT HS HKILWO 2 HAE ICH 
tv. Hohnk2), Cotner’) [CkHIT, COMM 
WARAIC Lo ThRLSR, WOM 30—100 
BIA CS DRZENSLVW5. BHOMBTCH, tk 
IE OWE FS AK ICE << (AL, BE 
CORE AH hc OBMRERIc ko CHBSHSL 
BxbnNS. 

WEF O AAMC RABOAAiMlc ko ReSS 
tlt, HICTEATASHRCHS. HEFORM 
tL, ALD WEE FO TRC BEF Cy SARA LKB 
IE, VS US LV BABHRMY ONS, IH 
ON 4RBLABICIRREO RAY rei 
FELCh, HEFORMILA SHE. Chie 
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FEF RANGE RIEMNITHSESOLBEA SHS. 
Salvin’) (i 7k 4: MAO 2 UENO WEF Is 30° GC 
PMMEEATA, 5° CELA LMHAR SH 
TC LEAR LCOS. HRWOKMIZ BIC 25 
—28°, Ale 3—5° CS, AFICHEFR ID HE 
ARATE OM RMI LELOLEL SHSM, BE 
KBMOR SNE O, CHIC ko THEE CX 
Trev>. 
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Summary 


The diurnal migration of the zoospores of aquatic fungi was studied in Lake Senshun- 


ike. 


tion of the dissolved oxygen in spring and autumn. 
The feature of the diurnal migration of the zoospores differed 


in the more oxygen-rich layer. 
with different weather. 


The distribution of the zoospores had close correlation with the diurnal vertical distribu- 


In both seasons, the zoospores assembled 


In clear day, a large number of the zoospores were seen in the surface water during the 
night, while they were seen most abundantly in the bottom water during the day time. ~ 


In cloudy day, they were found abundantly in the surface layer all the day. 


In rainy 


day, they were distributed homogeneously from the surface to the bottom layers for the 


whole day. 


On the other hand, the diurnal migration of the zoospores of aquatic fungi was not ob- 


served in summer and winter. 


They were found in the surface layer through the day. 


Bot. Mag. Tokyo 74 : 142-153 (March 25, 1961) 
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1960 427 29 Haft 


EB OFBICM TS BY HOW AD Schmucker?) 
Wko CHAS th CA» 6, Bobko & Zerling?), 
Cooper?), Loo & Hwang?) 935), #3 Cr) 
DER SAB, KHOBSIHI LI, BO 
PATIL & UBF ITE > PO PPEILIZ LA ETL SIC 
fev», fe, O’Kelley”) iz k > Chi % ORF IT wit 
BIEMEORRORGAME SHA, HCL SA 
7 ROME IS LOMB Sd Chk. HF OF 
FIC SAY ROWBlC Ov Tid Jensen’) OFF 
FEDa S. EPNLFETERPITILIZ ILE IRAOR VME 
PAKRBIC dh SOD» OHMROVEHO LA SEAT, 
fF OBE’ & ARICA RICROVBE DS SLE 
51S. iit Bogen®)< Ofhic ko CIRM Bk 
DIBA SHTCWSOG, CORMCASHEE II 
Tk EPULRARIED CLRATS STEMS, Heth 
DPI REMASL NS GFT S CLI, TEMO 
RABLGERE SZ SNCS LIGMITBBEITCES 
SDE CRWLEZ SNS. Tro < OR 
HICK OMB 7s b OIC RARE OBI ICs CHET 
ORME SAI DLS dD, ROICTARSHY 
LPR Lich Re LEMANS. CORR, EMO 
KTS ORR CHIE fe YR ewe iz, 
WMMAOWB is © ERAN SBAICILAIC SD 
Du. 


RROD LER 


FEF ODE MRICRE MA SiewMle, HKELT 
Van Tieghem MYR &BVER, Bic bot 
lk 1.5% DFERME tote. PETROV BAR 
BIKE LBW < Th, 03 ORBKEI CLD 
ASNSEO, MOMWORMMict Stewie, KH 


* Biological Institute, Waseda University, 
Tokyo, Japan. PARHAXAWYHE 


7k (pH 6.0) F4&DW He. METRKORRM Bon- 
ner & Galston”) OD ##e+fS34(t LTO#F OL I 


he oye 
HeClon&. x... ee te 3 0.05 g 
HBO aes aie « 0.05 g 
Mn(Cl,-4H,O ....... 0.03 g 
NSO eee Sais oh So 0.05 g 
CuSO,-5H.O 124... cms 0.05 g 
H.MoO,-4H20 ...... 0.002 g 
Fix SE OTNG cies i riys Sons 100 cc 


c OVW & Hhic 1/200~1/20 OF CMz, — 
FERFIIC 20 HL EOTEMB ORS & 150 (FC 8 
JeR—-—K—CMO, H*MER<S HoeBR I 
SOfs CHIBI A —-TFA-AX-CREORSEW ox. 

1. HETTROUEMEHRICHLIETBEB: AF 
TEI AZY+ OEM BED ERIE ROS 
EEDSBES Se D DFE ORMDAIEF S 4 OCU) 
CORR CHS SEMIS 8 % LLB CE RA 
BW OIC, {MOROIEMAIK CELA ICEL, 
CROTEMCEURMICLOCOLIMeOUBMES 
Arie. TEMOS UBMITIAA TIRAT SR, Bipic 
(LAK CLEFT SLOLSWLIA CHS. CORR 
ICEL LUCHA LR APHEYSAITH CESSL:E 
HK Deli Co SD, 1959 426 A 12 Bictk8 %L. 
LB Ch RABS Ao OIC7T A 7 Alcs 
Dishrote. HA OWEAIC, Bh 20° C8 % Lx KE 
WEIL UTEEZORMW 1/200, 1/100, 3/200, 
1/50, 1/25, 1/20 SOM teeeHhIc, MUAZH 
FIV AZYOLEDOIEMR EX 15~25 HILL. 
TCHS EMI CL RBAAUS ILE Lvs 23, 1/200~- 
1/100 YM OU L < HH UTHEMEOMELA 
Shore (K1). APPR VSAIY CIBBSRA 
SHSREAEMIC Lo THRS DM, RR 1/50 
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Table 1. Effects of different concentrations of the basal trace element solution 
on the pollen tube growth with 0.23M sugar on the basis of the media 
(12 units correspond 130z). 
\. Sugar Tradescantia re flexa' Impatiens balsamina (20 min.) Thea sinensis Hypericum 
: (22°, 15 min.) Red flower White flower (25°, 60 min.) chinense 
Conn z (250) (31°) 2 (24°, 90 min.) 
* \ | Sucrose Glucose Sucrose Sucrose Sucrose Sucrose 
0.005 6.1 Chest 12.4 11.4 16.5 7.0 
0.010 8.2 He 16.5 Ld ih 18.8 1.3 
0.015 Deo 1.0 15.9 16.8 20.2 9.5 
0.020 4.5 burst Dee ig} Woes not observed 


Table 2. Effects of Fe & Zn in 8% sucrose solution on the pollen tube 
growth of Tradescantia reflexa after 20 min. expressed in per- 
centage of the growth in 8% sucrose solution containing 0.01 
basal trace element solution. 


Fe & Zn 


Fe 
Cone. | ax10-6 10-6 | 1.25x10-8 5x10-7 2x10-6 1.25x10-8 
% 59 a 


65 | burst 


almost burst | 


WMT S LUBA UL <, 1/20 wt St Ht 
A, EE Lgl. 

Tots, 1k CHE LEA PHY ALHOTEM CI 
pH 4.8 2RAC, ZHOFIC SWS LRA 
2, pH 4.0 OK CERBE 1/100 KML, BRAC 
TEREST SLEVEORFRASHE. 

AFPEY 2A PUC MA U7 7E & Bese 
tik vay A 20 5, #7605, Caxvvs+ 90 
AC, Bilt CH SEM ORS & Ml a FF Rd 
ZHIOLICHS. chick octRRe 1/100~3/ 
200 YAMS L XDA G(RWESNSOLAMdD 
DBS. TOROAYLVYADER 9 AICPA Le 
LOCHSM, RVULVYAOED (CHEK CHM 
DZ\$OCIL, 717 B 26°, 20 HET, WR 
BIKE LEBA ITIL 0.01 RIN CHEMEHEO 
(EER RIL 30% CTIIRAZWD, 8%LxXE 
MEMRMESFSL2~G, REA LBBRBEVLEW 
Ne. 

DIZ, 6 AIAPHHF VAP L Caves 
DAE & MH 24° OB C8 % Ls BAKE WIRE LT 
FFE L, TON < RV AMOUEMEORSE 
WSL AF4 FY 274 CIB, RYE 1/200 ¥% 
mn, 1/100 AMoOMIcRSOHIw EL 100: 100: 
1355 d7e0, CSOVFIHF CINE, IM 1/200 ¥% 


Dred 


%» 


MOM 100 : 280 &feo Tk HIT RHEE 

By dec 

2. KET HKOPVARA SH STEM: LOR 
ERD 5 & Heth O 1/100 MINTS & FEBAUCHE 
SHECLERMSDOKROTG, Li BRIS Bele 
LEOCELE < FHF LAVA, MECHA CRA 
BSEVEOLEMSSLOREAL TAR. ERGE 
DE DITOW TRAE LTO A, HHBUAAS 
HEKOMM1-BICMTLIALOMRHS. Chit 
Lot 8% EO L 2 BK CHEM HED < DFE 
rt, MCB HwWe 0.01 ERIM So LFS 
(RHESHSECLEAMSEHS. MicMmUETEVA, 
Ik CHIEF SR AVFIAFOTEMS, FRY 1/100 YEH 
DIKIT EW PAD TEE OMRAAE <, ACH 
BPS Fa—-VrS OMG, & SHBRIc id, K 
Ye 1/100 AMoOBA I kb < HALE. SHV HOE 
BA 26°, 10% Lx PAR CLRAT S2, BRM 
DBA ITILHFRA birt. 

3. MERC ROVAL MAR: 8 %U xh 
PETC SAK & 1/100 MKIN LKLORAME LTH 
7 RIAOMEIR 1 POR MRACTHENO 
JRE (tirbb Fe jt 5x10-8, Mn iz 3x10-8, 
Zn, Cu tt 5X10-7, Mo (t 2x 10-7) ic7%# SES 
Le +S MORMICAP HEY SAITHLE SIT 
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Table 3. Effects of boron only and of all trace elements including boron 
on the pollen tube growth with 8% sucrose solution on the basis 
of the media (12 units correspond 130,). 
T | Tradescantia reflexa 
yn asia | 20°, 15 min. 20°, 35 min. 
0.005B 0.005 All 0.01 All 0.02 All 0.005B 0.005 All 
Length 4.8 5.6 7.5 3.6 15.0 15.0 
_ OF Bake, Hypericum chinense F | Lilium longiflorum 
eee 24°, 90 min. | 25°, 120 min. 
0.005B 0.005 All 0.01 All 0.015B 0.015 All | 0.01B 0.01 All 
Length va 7.0 7.3 7.0 RS ie bee 36.5 
Table 4. Effects of various B containing compounds on the pollen tube 
growth of Tradescantia reflexa after 20 min. and Hypericum 
chinense after 90 min. at 25° (12 units correspond 130,). 
Compounds Cane! Tradescantia Hypericum 
reflexa chinense 
H3BO3 5x 10-6 11s 8.4 
Na,B,O, box Lae 10.9 Tet 
NaBO, 5x 10-8 12.9 9.5 
NaBO;-4H,O 5x 10-6 8.6 8.4 
FOTEMR ECL, LOBRICLALV BRERA FPF VAIHL ESV VI FOTEME EVREE 


bh, MOVBODRVbolk Fe Chore. £2 
GFe, Zn OBR /)\S< UCTRASZERIZOLXG 
7eO, Mi CHR bS< Lies & myers 
0, HQ47cyBHeO Fe, Zn OMKMITL OMPBLD 
(LHR A8 % LIRA L OHH IWC LAMBS 
tic. BS Ofkee7cR& FIT YAINT ST LITE YD 
FETE ADM < bOLEL SHS. 

AY ROM URE SZ SCLIAMOL IED Ch 
BD, RYROAL MOMBCKAME BALK 2 fH 
DIC A PE YAPHLE Cav VtT+FOUEME 
KVveMRIRIOLIG, AVHH#VA74 CH 
20 ECLA DRE L OBMEMOABAL 0 (ee 
HESNSAM, 35 MRC BH bie <teyo, Cay 
VF Cis 0.005 CitBd bievras, 0.015 Cis 
HMOUVERRBADH. Ek, Foy zvse 
ld EDWBAUSCSL< ideas, Hk OTE 
DIEM CHAS LAY ROACLEBARASLHSAO 
iC, SUBYRIN Lic CHRBARABLH Mor (BM 
3, 25-27). 

ARURICG 4 AOR, RY, 2 2 YB 
AVERT bY YD AeSX1O-° SA HB% L x HER IT A 


#4, EBOSOWSITY & & YB (NaBO,) ZS 
AYR OMB E SA, REBVAEEAZAROI 
AFVEIAZIY CLAY BF b Vy A (NaBOs 
-4H,0), Fa 94 F4° Cid Y H(NagB.O7) Cho 
Aon 

AIT, 8% Us PRICE RRR 1/100 HK 
MLELORMRL LUCK DO RUAOMETCH 1 fh 
TO, ERMAYRLE (MOOD 2HFoORRS, 
{th OP BEL MROLM Cie Lie 10 HOw HICAF 
PEISIPLESVVIFOEDE EVER 
RSDXLI CHS. KURA LEVBAICIA 
AOEMIctsV»T, Fe, Mn, Zn BHAT, *& 
DROLET SHERI, AFHEYV AIH 
Fe, Mn @, Cayv++ cist Fe, Cu RMALH 
ChELFL SHS. 

4. fh * OPP I SS IDSC ROBIE: 
O’Kelley’) (xii 4 ORRIt AY RE YEN UCIEMEO 
HROHAEASEA, AYOROWELBICLOT 
BA TWRWLIC, BIC Lo CHHRBEREDS 
WEA WEA SAT LTV FEW. LU, 0.23 M 
L x BAY IC TE GK & 1/100 HIN LEA’ OE 
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Effects of absence of particular elements on the pollen tube 


growth of Tradescantia reflexa after 20 min. and Hypericum 
chinense after 90 min. at 25°, expressed in percentage of the 
growth in 8% sucrose solution containing 0.01 basal trace 
element solution (B~ meance no B). 


Tradescantia reflexa 


B-,Fe- B-,Mn Be. Zia B-; Mo- B= Cue Fe— Mn- Zn- Mo- Ce- 
ae ms 23 | 46 a2 63 ot) | gt Ots 

‘ ie — pn, ae shanties we a 
tee Bo Maan Be izn= BY Mom B=, Cus |. Fe= Mand oza=- Mo-— Cun 
21 36 eee in. 26 Ble 9d0mlcR | 85 qyndd 


— means burst or no germination. 


Table 6. Effects of different concentrations of the basal trace element 
solution in 0.23M sugars on the pollen tube growth of Tra- 
descantia reflexa after 20 min. at 20°, expressed in percentage 
of the growth in 0.23M sucrose solution containing 0.01 
basal trace element solution. 


= Sugar 
eins Sucrose L-Arabinose L-Xylose L-Rhamnose Glucose Mannose 
Conc. 
0.005 67 te 50 42 73 _ 
0.010 100 1! 50 72 70 — 
0.015 95 54 93 20 54 — 
D-Galactose Fructose Sor bose Lactose Maltose Raffinose 
0.005 ee, 28 — 105 87 TH 
0.010 75 14 oe 114 146 58 
0.015 48 — — 92 — 54 


— means burst or no germination. 


MEL, 4H AREORICRRe 1/200, 1/100, 
3/200 WIN Lk SM TOOHMICA Fea V sD 
Pee aur, Fy RV2), s4 =) Of6 
We SHPTOEV CHEMBORSEHRLE (KE 
~9). —PEICKRS NVR ICAMRORRE 
2 5K LU CHIME IZ Lik. 

LIVI AIYOBSICILEL L CHRO 1/ 
200 ~ 1/100 DIR EAH Ch SM, FY R-AT 
LE OPW LCA HRS 0, FEMPOMRRAS 
100 % DLE ORHIF 7 b-A, zTUR-ARIS, 
COMBE RM LEVBAICELIMLOL 
dot. tris, AMEN Lig BROKE ORR 
PEZERMILITZ IP —-ACHok. 


EFayVt FOURITIRMIEEIL LOBE XY 
BL, TED E OME 100% WEL feo HHO 
MMLomrork, OF, Frys), 
) CHMOPRRBA SHED L2H, vB ZA, 
i Pee I Ip eA an oar Ai Ze 
—AG, FIKRVAY C7 V3a—-AOMMITCHR 
1/200 ¥mnsF Se 1, 2 (HHT SB CLAY 
FE LIA, 2A =2tV CHUL HOBES E dik 
REV ASEM ait K < RL Ke. ECAR, 
YCUEF A? — AOHEHH ITAA 1/200 Eps S & 7E 
BHORBRS<, SHE OEVBAIIERA EL 
EASEL SOW, Fo RV2z) CHEORETC 
EBA PEM Bs XK < HS Lic. 
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Table 7. Effects of different concentrations of the basal trace element solution 
in 0.23 M sugars on the pollen tube growth of Hypericum chinense 
after 90 min. at 24°, expressed in percentage of the growth in 0.23M 
sucrose solution containing 0.01 basal trace element solution. 
SST eee r 5 
se Sucrose L-Arabinose L-Xylose L-Rhamnose Glucose Mannose 
Conc. ™ ‘4 a4 i 
0.005 96 -- 25. 93 25 _— 
0.010 100 — 50 52 125 _— 
0.015 130 — 34 52 153 — 
D-Galactose Fructose Sorbose Lactose Maltose Raffinose 
0.005 25 67 100 -- 146 25 27 
0.010 125 tiie PS — 81 130 —* 
0.015 153 1007 25 — 76 — —* 


— means burst or no germination, 


Table 8. 


* means delayed germination. 


Effects of different concentrations of the basal trace element solution 
in 0.23M sugars on the pollen tube growth of Lilium longiflorum 
after 120 min. at 21°, expressed in percentage of the growth in 0.23M 
sucrose solution containing 0.01 basal trace element solution. 


~~. Sugar 
er Sucrose L-Arabinose L-Xylose L-Rhamnose Glucose Mannose 
onc. 
0.005 57 _- 38 43 — 28 
0.010 100 — 52 te — 50 
0.015 83 — — 59 _ 67 
D-Galactose Fructose Sorbose Lactose Maltose Raffinose 
0.005 42 42 _- 127 45 — 
0.010 a 58 — 69 100 -— 
0.015 — 49 — 71 65 — 


— means burst or no germination. 


5. AVA YHK-HIZOWCT: RHR ARTE 
FIADEICE YO 3 VOLK RF LEE 
1%¢ awake 1~2 ihe b LBD Kicbt 
L, RAR BTSR¥LD DICLO CRNA YH 
EOFTER HINT. APVEY AIH Clark CHA 
Lieb OPHROUE E aE MITER AE 
ILE <, 8 VLBA LRM 0.01 AMO 
OSGi CHE LITEM HMI SL, KHON 
AYR —PLEDICBZWoLAMARSHE. ¥ 
RESYAOTMLT CleMrre EFI 10% Lk 
BRA CILRATS SA, PRTC HR 1/100 yEnIc k 
2 CHETSEbLDELALH, BHOWA OIE ES 
TH Mis tit OBS OM bb LEROY 


VR — Re ets & HM Stic. 

6. BKAOHBR: BMIS OLE, AF+¥Y 
+24 OEM IK & Hae RR 0.01 YEN Leezk 
ICEVYC, 2, 5, 7, 10, 15, 20 HBICMUTEME 
600 fF CFHRICL SCL EMAMOIEL, +172 
2 — B—~ CHERRIES & OKE SE HR Lic. OW 
BITIL EV CA 7~8 AEICTHALT, £OL*® 
DLEMOKE SiTHEIA 1l6%icteo, MErewL 
KEBLE LI£A ote, BORIC 1/100 yInow 
Bicik, EV TH b 5 AMKic HE 116 ~ 133% iz, 
WEIL 100~ 109% leva Tt, 8 BIBS OF 
FEF LILES, 10 Bick SB < OTEM OME 109% 
Cieote. WK CHE SD S RAVHHE OFERICOV> 
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Table 9. Effects of different concentration of the basal trace element solution 
in 0.23M sugars on the pollen tube growth of Liliwm Maximowiczii 
after 100 min. at 27°, expressed in percentage of the growth in 0.23 
M sucrose solution containing 0.01 basal trace elements solution. 
_ Sugar 
ay Sucrose L-Arabinose L-Xylose L-Rhamnose Glucose Mannose 
Conc. —~ ss 3 ees 
0.005 94 — 34 60 37 34 
0.010 100 11 66 9 83 60 
0.015 89 74 23 — 29 67 
D-Galactose Fructose Sorbose Lactose Maltose Raffinose 
0.005 28 oi 16 27 — 
0.010 34 60 _ 20 41 — 
0.015 60 36 — ill 63 - 


— means burst or no germination. 


C, Si, 18°, 60 HRICFRE L o CHR ecHiK 
BULTHREL, CORKROEMLKOBSICLRK 
Mishkik 117% ChSOIz, FRY 1/100 KiIoOwWSs 
DOmAKOWWRIL L2%L700, ba CiLbHS>DE 
HOA OWE EOKEV LAM Stee. 

7. PRROBR IB SRETKLT ARIS 
VYRMOPCGE: AFF YIAZHOUEME 8% 
Lake, 1.5 % SRMaWIRE UCN EK 
we 0.0025, 0.005, 0.01, 0.02 yon Lt 5 ff 
DRMIC ELT, 21°, 30 ARICTEMPORSEL 
#+35xX, COliiz, 100, 176, 168, 253, 118% & 
720, 4RIGICIEM POR LO 4 ODO FIBER 
HSL, Colic 1.15, 1.15, 1.69, 1.46, 0.70 
mm Ghote. FOCOKITIS, RY 1/100 Yn 
D&B Lx, 1.5% RRRMEWRLE UTTAR 
#yv# 0.001, 0.01, 0.1, lve Lt 5 MORE 
AAV VAPYOTEME EV T, 22°, 30 WR 
HEM BOR SEHR SL, COliz, 100, 115, 
109, 105, 94% 70) 4 IIT TEMRORVLO 
ATO FBR RDSL, TC OMiz 0.79, 0.96, 1.69, 
0.51, 0.59mm Ghok. LOAD 2° CH= 
FALO 2IORRCS 4 AEC, colic 1.77, 
1.31, 1.54, 1.17, 0.59mm 33 XU 1.41, 2.30, 
1.09, 0.96, 0.64mm fro, FAR FEVER 
pic & SBME LVR iedrote. 

HYPE OTEME 8% ULB, 1.5 % HRRE MIR 
L UCHIHA 0.01 YRInIs LOM S le 
TAAZ#HY 0.001, 0.01, 0.1, 1%%RMO 6 HO 


FRHRICEVYC 25°, SHERIAITTEM HORS & Hi 
tSL, COliMiz, 100, 237, 244, 332, 290, 182 
%k Tes CWHBTRBLOCHEL TF ARFFVITE 
SARHEEA DA SHIEA, 24 BAIT ILIRA OIE 
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Fig. 1. Promoting effect of trace elements on pollen germination using Van Tieghem’s 


apparatus. 
1-2. Tradescantia reflera after 30 min. at 24°. 
1) in 8% sucrose solution, 2) in 8% sucrose solution containing 0.01 basal trace 


elements solution. 
3-5. Hypericum chinense after 80 min. at 24°. 

3) in water, 4) in water containing 0.01 basal solution, 5) in water containing 0.04 
basal solution. 
6-9. Oe¢enothera tetraptera after 150 min. at 25°. 

6) in 15% sucrose solution, 7) in 15% sucrose solution containing 0.01 basal solution, 
8) in 20% sucrose solution, 9) in 20% sucrose solution containing 0.01 basal solution. 
10. Cucumis sativus after 150 min. at 26°, in 25% sucrose solution containing 0.01 basal 
solution, while it burst in 2574 sucrose solution. x 130. 


Fig. 2. Promoting effect ol trace elements on pollen germination using Van Tieghem’s 
apparatus (Continued). 
11-14. Liliwm longiflorum after 120 min. at 20°. 

11) in 8% sucrose solution, 12) in 8% sucrose solution containing 0.01 basal solution, 
13) in 8%s ucrose solution, in case of cut flowers. 
15-16. Zea Mays after 60 min. at 24°. 

15) in 25% sucrose solution, 16) in 25% sucrose solution containing 0.01 basal solution. 
17-18. Calystegia japonica after 150 min. at 26°. 


17) in 25% sucrose solution, 18) in 25% sucrose solution containing 0.01 basal solution. 
19-20. Hemerocallis disticha after 180 min. at 30°. 

19) in 10% sucrose solution, 20) in 10% sucrose solution containing 0.01 basal solution. 
x 130. 


Fig. 3. Promoting effect of trace elements on pollen germination using Van Tieghem’s 
apparatus (Continued). 
21-22. Tritonia crocosmaeflora after 80 min. at 26°. 

21) in 10% sucrose solution, 22) in 10% sucrose solution containing 0.01 basal trace 
element solution. 
23-24. Tradescantia reflewa after 15 min. at 22°. 

23) in 8% sucrose solution containing 5 x 10-6 H3;BO3;, 24) in 8% sucrose solution 
containing 0.01 basal trace element solution. 
25-27. Lilium longiflorwm afterl 20 min. at 25°. 

25) in 8% sucrose solution, 26) in 8% sucrose solution containing 5x 10-6 HsBO3, 27) 
in 8% sucrose solution containing 0.01 basal trace element solution. 
28-30. Tradescantia reflexaa fter 30 min. at 22°. 

28) in 0.23M lactose solution, 29-30) in 0.23M maltose solution containing 0.01 and 
0.015 basal trace elements solution respectively. 
1308 
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(1957). 13) ef tnt: FASEHM, AEWAAERR* (1944). 14) Sawada, Y., Bot. Mag. Tokyo 73: 
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Summary 


(1) The addition of adequate amount of trace elements such as B, Fe, Mn, Zn, Cu and 
Mo to the culture medium showed a remarkable promoting effect on germination of pollen 
grains of many kinds of plants and a definite suppressing effect on bursting of pollen 
grains in a hypotonic medium. Promoting effect of all trace elements together was greater 
than that of boron alone in case of Tradescantia reflexa, Hypericum chinense and Liliwm 
longiflorum. Concentration of trace elements optimal to the germination was about 10 
times greater than that in the case of water culture and it lay in the range of 0.5~1.5% 
basal trace element solution. 

(2) Effect of absence of particular trace element and comparative effect of boron com- 
pounds were examined. Sodium metaborate was more effective than boric acid in Tradescan- 
tia refleca and Hypericum chinense. 

(3) Effect of the addition of asparagine to a solution of trace elements was observed 
with Tradescantia reflexa and Rhododendron lateritium. 

(4) Optimum concentration of trace elements in the culture media containing various 
kinds of sugars were determined with Tradescantia reflexa, Hypericum chinense, Liliwm 
longiflorum and Lilium Maximowiczit. 

(5) Activity of peroxidase and of water uptake became greater by the addition of 
adequate amount of trace elements to the culture medium. 
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1) SBA + AAR HE, RE AAPA, Heat (1957). 2) JKA—HH, HAME 78: 326 (1960). 3) 
AA E+ | PHA, AYE 72: 359 (1959). 4) Masui, K., Memo. Coll. Sci. Kyoto. Imp. Univ. 
Series B. Vol. III. No. 2: 149 (1927). 5) ft}#R—We, pRIt HR 23: 124 (1941). 


Summary 


(1) Experiments on nineteen species of hymenomycetous fungi showed that the best part 
in isolating the mycelium from the fruit body is that of hymenium. 

(2) When this “Hymenium-Isolation Method” was applied to the hymenomycetous fungi 
which grow on the forest land, a suitable culture medium was pine-needle decoction agar. 

(3) It is often impossible to use the part of pileus flesh or stipe tissue for isolating the 
mycelium, for being small or often damaged by insects. In such cases, a desirable result 
can be obtained by applying “The Hymenium-Isolation Method”. 

(4) There are not a few cases where hyphae do not grow out from the part of pileus 
flesh or stipe; and even if the hyphae grow out, they are scanty in number and their isola- 
tion is sometimes difficult. However, when the part of hymenium is used, a luxuriant growth 
of hyphae can often be seén. 

(5) In adopting “The Hymenium-Isolation Method”, the best result can be obtained when 
the gill is used. When the needle or the tube is used, it is sometimes difficult to isolate the 
mycelium because of bacterial contamination. Nevertheless the needle or the tube is superior 
to the part of pileus or stipe in a same fruit body. 
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Developmental Mechanics of Fucaceous Algae XVIII. 


Localization of Protoplasmic Elements in the Developing Rhizoid 


by Singo NAKAZAWA* 
Received June 9, 1960 


It was described by some authors that brown plastids were localized in the distal 
zone of the rhizoid of fucoid embryos'-*). In addition, the present writer has noticed 
that there are some other globules of a pale color localized in the proximal region 
of the young rhizoids, though these have not always been described clearly by the 
former authors. Under normal conditions, they are localized at their peculiar regions 
without any dislocation. This stability in localization seems to be related to the 
development of the rhizoid. Therefore, experiments were undertaken to disorder the 
localization of these elements contained in the young rhizoid. 


Material and Method 


Young embryos of Coccophora Langsdorfii, which were just differentiating rhizoids, 
were cultured in glass vessels with normal sea water and used as experimental 
material. The experiments were carried out at the Marine Biological Station of 
Asamushi in April, 1958 and 1960. The material was put into the centrifuging tube 
with sea water and was centrifuged at 25,000 times gravity for five minutes. After 
this, the embryos were taken out of the tube, observed, and cultured for inspection 
of further development. Prussian blue reaction and reduction of Fehling’s solution 
were tested for the pale globules contained in the rhizoid. 


Results with Discussion 


Usually, the cells composing the main part of the embryo contain brown plastids, 
nucleus, pale globules and some other elements. Among these, the most conspicuous 
are the plastids. The site of the nucleus is discernible by the presence of a semi- 
transparent area where the brown plastids are excluded. The pale globules are 
hardly observable as they are hidden amid the plastids. In rhizoids, the plastids are 
less in number and are localized at the distal zone (Fig. 1A). The nucleus is obscure 
in the rhizoid, but it can be detected usually in the middle part. The pale globules 
are localized at the basal region. 

When centrifuged, the pale globules are stratified at the centripetal end of each 
cell composing the embryo. But as they are rather few, their presence is not always. 
clear, so that the next layer, i.e. the plastid layer, usually comes to the centripetal 
end. As a result, the boundary of each cell becomes conspicuous as it is bordered 
by the stratified layer of plastids (Fig. 1B-D). The later the developmental stage is: 
at which it is centrifuged, the more obscure the presence of the pale globules 
becomes. Therefore, if the embryo is centrifuged earlier, say at three- or four-cell 
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stage, or just after the first cleavage, the pale globules are stratified abundantly 
at the centripetal end. Thus, they may be supposed to be the same globules 
which are separated as the so-called ‘oil cap’ by centrifuging before the start of 
developmentt:*.®). Recently, Ando*.®) described similar globules under the term ‘ phy- 
sodes’ with the remark that they were of lipid nature. Hence, it seems that the 
pale globules originate from those globules which move to the centripetal end when 
the egg is centrifuged. 

In rhizoids, the stratification appears a 
little different. When centrifuged laterally, 
the plastids, the nucleus and the pale globules 
are stratified at the centripetal end into the 
zone where they were located originally (Fig. 
1C). However, when the centrifugal force 
was exerted towards the tip of the rhizoid, 
the pale globules were stratified at the base 
of the rhizoid cell, and the plastids and the 
nucleus at the tip (Fig. 1D). Consequently 
the original localization of the plastids and the 
pale globules were not altered. In other 
words, the pale globules moved to the cen- 
tripetal end as in the main cells of the embryo, 
but the plastids and the nucleus were gathered 
to the centrifugal end not coinciding with 
the stratification in the embryo cells, and both 
layers were separated by a clear zone interven- 
ing between the two. But, when the rhizoid 
was centrifuged in the opposite direction, i. e. 
the centrifugal force was directed towards 

Fig. 1. A, normal embryo; B, the same the base of the rhizoid, the pale globules were 
centrifuged apically (proximally for rhi- [athered to the tip, and the plastids with the 
zoids); C, the same laterally; D, the same eee 
Raa liy a distally’ tor chizowies. Toeatres nucleus to the proximal end of the thizoid 
present plastids email P cities eee separated from the former by the intervening 
globules, and black spots the nuclei. Arrow clear zone (Fig. 1B). In rhizoids, as well as 
indicates the centrifugal direction. in the embryo cell, the nucleus always takes 

its position in the layer of plastids. 

It is known that the physodes of Dictyopteris have the remarkable property of 
reducing Fehling’s solution®) and they are presumed to be the same element as found 
in fucoid cells’). It follows that the pale globules localized to the proximal region of 
the rhizoid of the present material are also presumed to be the same. Here the 
following tests were carried out. Normal embryos were fixed with five per cent 
formalin for 24 hours, rinsed with water, boiled with Fehling’s reagent, cooled, and 
inspected with a microscope. Yellow to orange particles were observed in the basal 
region of the young rhizoid just in or around the bodies presumed to be the pale 
globules. Another test, reduction of ferric ions, was performed. One tenth per cent 
solutions of ferric chloride, potassium ferrocyanide, and potassium ferricyanide were 
prepared separately. The ferric chloride solution was put in a Petri dish and was 
placed in the dark so that reduction by light might be avoided. Two drops of the 
ferric chloride solution were put on a slide glass separately; to one was added a 
drop of the potassium ferrocyanide solution, and to the other that of the potassium 
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ferricyanide. In the former, Prussian blue reaction did occur, while it did not in 
the latter. Thus it was ascertained that the ferric ions were not reduced to ferrous. 
Fresh embryos were put in the ferric chloride solution contained in a Petri dish for 
20 minutes, rinsed for one minute, immersed in the solution of potassium ferrocyanide 
and potassium ferricyanide separately for 10 minutes, rinsed, and were inspected 
with a microscope. The test was carried out under a red lamp safe for gaslight 
paper. As a result, the embryos were blued entirely in the potassium ferrocyanide 
indicating that the ferric ions were taken into the cells of embryo. An interesting 
phenomenon occurred in the potassium ferricyanide. That is, some blue particles 
were observed selectively at the proximal region of the young rhizoid, showing that 
the ferric ions were reduced to ferrous in that part. This also implies that the pale 
globules, located in the same region, are taking part in the reduction. These pro- 
perties of reducing metallic ions show that the pale globules are presumably a kind 
of physodes. 

As is seen in the results of the experiments, it is evident that the specific gravity 
of the pale globules is smaller than those of the plastids and of the nucleus. In ad- 
dition, it is also true that each of these is lighter than the hyaline matrix of the 
cytoplasm as is seen in the stratification when the rhizoid was centrifuged laterally 
(Fig. 1C). Therefore, the pale globules are lighter than plastids and the nucleus 
and both the plastids and the nucleus are lighter than the hyaline matrix. The 
relation is as follows: 


[pale globules|<| plastids and nucleus|< [hyaline cytoplasm]. 


If so, it is questioned why plastids are not stratified next to the pale globules 
but move to the centrifugal end when the rhizoid is centrifuged in the proximal or 
the distal direction. This is a further question. The stratification, both in the 
embryo and in the rhizoid, is redistributed in time to their original positions and the 
development of the embryo and the rhizoid proceeds normally. This implies that the 
localization of these different elements is controlled by the cortical layer of the cyto- 
plasm which is hardly movable by means of centrifuging. This interpretation is 
advanced by the theory which insists that the morphogenetic polarity is controlled by 
the cortex of the protoplasm. 


Summary 


Young embryos of Coccophora Langsdorfi just differentiating the primary rhizoids 
were ultracentrifuged at 25,000 times gravity for five minutes. As a result, the fol- 
lowing was discovered. 

(1) The cell of normal young rhizoid contains plastids, the nucleus, pale globules 
and the cytoplasm matrix. The plastids are localized in the distal region, the nucleus 
in the middle, and the pale globules in the proximal region. When the rhizoid is 
centrifuged laterally, each of these elements is stratified centripetally in each zone. 
This indicates that their specific gravities are smaller than that of the hyaline matrix 
of cytoplasm. 

(2) If the rhizoid is centrifuged in the proximal or in the distal direction, the 
pale globules are also stratified to the centripetal end, while the plastids and the 
nucleus are gathered to the centrifugal being separated from the pale globules by a 
transparent zone intervening. 

(3) The pale globules are considered to be a kind of physodes, having proper- 
ties reducing ferric ions and Fehling’s solution. 


164 Bot. Mag. Tokyo Vol. 74 


The writer expresses his gratitudes to Prof. A. Kimura at the Tohoku Univer- 
sity, Dr. Y. Ando at the Sapporo Institute of Hygiene, and the members of the 
Marine Biological Station of Asamushi for their kind cooperation in the present re- 
search. 


References 


1) Okabe, S., Sci. Rep. Tohoku Univ. 4th Ser. 4: 591 (1929). 2) Inoh, S., J. Fac. Sci. Hokkaido. 
Univ. Ser. 5, 5: 9 (1935). 3) Sawada, T., Sci. Bull. Fac. Agr. Kyushu. Univ. 15: 541 (1956)... 
4) Nakazawa, S., Sci. Rep. Tohoku Univ. 4th Ser. 23: 119 (1957). 5) Ando, Y., Bot. Mag. 
Tokyo 64: 192 (1951). 6) ——, Bull. Jap. Soc. Phycol. 6: 45 (1958). 7) Kylin, H., Ber. deutsch.. 
bot. Gesell. 36: 10 (1918). 8) Whitaker, D. M., Biol. Bull. 61: 294 (1937). 9) Levring, T..,. 
Physiol. Plantarum 5: 528 (1952). 


ii a 
HIRES: 7-7ARBMORENS XVII. BPRLUOOSSRRCHGS 
REBEROMD 


A¥+£2 (Coccophora Langsdor fii) D{RI IER LOO SSRX HAO 25,000 fe C5 HR 
LicHtRoXorepiabonre. 

(1) EM OY mRICI, MIT bh VPA, PFAFYRBIOBGHREIMAODE << Lh AMOBRMD 
0, FFAF PUEL UCR OF, MisbR, PA IMASZEICHALL, MBB bh UD AtK. 
SMITA LCS. MRORMCH LUCHA SICHDHE(FASPSL ON SOBROA STEVIA 
DIHEFTS TEHRECHOMRMIT IV TROIMITBHSFS. CHILEHSOILERS bPIUZALD APA. 
ees locos 

(2) (ARICA UCHR & fe lh Fev SIC HDPE SASL, BA /MALCIH ORIMEITHOES. 
LALKEPFAF PD MITHOE YD, BARE LICH SS SBM Mimic ko ClkeHS. 

(3) FAB/MAIL< 5 < physode DfT, MAK AYBILOF72—IVVYAS RRR SHERE- 
hous. (UIBASIHEE y e) 


Bot. Mag. Tokyo 74: 165-168 (April 25, 1961) 


Electron-microscopical Studies on Chromoplast 
I. The Ultrastructure of Chromoplast in Orange 


by Masako OsumiI* 


Received June 22, 1960 


The structure of chloroplasts has been studied on the various plants by many 
investigators. Recently, by means of electron-microscope, the ultrastructure of the 
chloroplasts has been made clear. However, as to the structure of chromoplasts 
very little studies have been made. 

Frey-Wyssling and Kreutzer (1958)') classified the chromoplasts of the carotenoid- 
pigmented plants into three different types, namely, (1) the plastid which contains 
microscopic crystals of carotenoids, (2) the one which contains microscopic and sub- 
microscopic yellow globuli and (3) the one which contains bundles of orange-red 
pigmented submicroscopic filaments. 

In the first group, there are carrot plastids in which pigments seem to be 
unbound and crystallized. In the second group of chromoplast, for instance, in 
Ranunculus repens') or Aloe plicatilis®), the pigments are dissolved most probably in 
the lipid component of the plastid. In the third group or the spindle-shaped filamentous 
type of chromoplasts as found in some solanaceous fruit, namely rose hips (Steffen 
and Walter, 1955 and 1958)?.*) and red pepper (Frey-Wyssling, 1958)*), the carotenoids 
appear to be bound chemically to filamentous protein structure. 

According to Granick (1955)*), the chloroplasts have generally lamellar structure. 
In the case of chromoplasts, however, it seems that they have not always the same, 
but different types of structure depending upon species. 

Therefore, the present author wishes to study and compare the structures of 
chromoplasts in various plants. She has already studied the shape and structure of 
chromoplast of Citrus by means of ordinary microscope (Yuasa, Osumi and Nakamura, 
1957)*). In order to study the ultrastructure of the chromoplast, the electron-microscope 
‘was used in the present study. 


Materials and Methods 


‘The mature chromoplasts in the following plants were used as the materials: 
Citrus unshiu (Unshu-mikan), 
C. unshiu var. praecox (Waseunshu-mikan). 

Before the observation by the electron-microscope, juice was pressed out from a 
fresh orange-fruit and centrifuged. The chromoplasts were gathered and fixed in 
1% OsO, solution in acetate-veronal buffer (pH. 7.4) for 1-20 hours. After the fixation 
they were dehydrated in an alcohol series and embedded in monomer. 

The sections were cut with a JUM-5 type ultra-section microtome of Japan 
Electron Optic Laboratory Ltd., using glass knives, and studied, in most cases, with- 
out the removal of methacrylate. An HS-6 type electron-microscope of Hitachi Ltd. 
was used and electron-microphotographs were taken at an initial magnification of 
3000-10000 and enlarged photographically. 

The observation was also made by ordinary microscope. In this case, the 
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chromoplasts in juice-sac were smeared on the slide glass and observed prior or 
after staining with 0.5-1 per cent aqueous solution of nigrosin. They were some- 
times treated with 1-5% aqueous solution of KOH, at first, and then observed. To 
observe the lipid, the chromoplasts were stained with Sudan III, Sudan IV and Sudan 


black B. 


Results 


The following results were obtained on the ultrastructure of the chromoplast in 
the juice-sac cell of orange-fruit by examining three hundred electron microphoto- 
graphs. The most chromoplasts are spindle-shaped, but occasionally the triangular 
or ring-shaped chromoplasts are found. 

The size of the mature chromoplast is normally 15-16 in length and 1.7-2.3 
in diameter. 

The chromoplast seems to be covered with the membrane which is 320-340 A in 
thickness. In the Fig. 1 of Plate I, the membrane seems to have split open in the 
course of fixing or embedding. 

The chromoplast seems to be composed of many fine fibrils which are connected 
with each other in some portions and they look like nets (Plate I). The cross section 
of the chromoplast (Plate II, Fig. 2) confirms this presumption, that is to say, many 
small spots are seen scattering inside the chromoplast-membrane. This may mean 
that the fine lines in the longitudinal section of the chromoplast are not lamellae but 
fibrils. Each fibril is 290-380 A in diameter and the some portions of them are thicker 
(1100-1600 A) than the other portions. 

There are seen several globuli among the fibrils. They are 2200-3900 A in di- 
ameter (Plate I, Fig. 1; Plate II, Fig. 3). The globuli are supposed to be lipid from 
staining with Sudan black B, etc. 


Discussion 


By measuring with ordinary microscope, the size of mature spindle-shaped 
chromoplasts in orange-fruit has been confirmed to be 22-28 u in length and 1.1-3.1 
in diameter (Yuasa, Osumi and Nakamura, 1957)*). 

The chromoplast of orange-fruit seems to be covered with thin membrane which 
is not of double-structure. In the electron-microscopical study of the chromoplast in 
the red pepper (Frey-Wyssling and Kreutzer, 1958)*), the membrane has also been 
shown clearly. 

By means of the ordinary microscope, Yuasa, Osumi and Nakamura (1957)*). 
observed the “ grana” which contain yellow carotenoid in the chromoplast of mandarin 
orange. The thicker portions of the fibrils which are shown by the electron-microscope 
are thought to be the “grana”. In the chromoplast of orange-fruit carotenoid is 
thought to be contained in the thicker portions of the chromoplasts. 

Observed with the ordinary microscope lipid granules are found in the chromoplast, 
which are stained with Sudan III, Sudan IV or Sudan black B. The globuli among 
the fibrils in the electron-microphotograph will agree with the ones which are observed 
by ordinary microscope. According to the report by Frey-Wyssling and Kreutzer 
(1958)!), the contents which are characteristic to the yellow plastid of Ranunculus 
repens are homogeneous osmophilic globuli up to 1500 A in diameter which first appear 
in young chromoplast or leucoplast; they are formed between the lamellae and, while 
increasing in size and number, they destroy the lamellar structure until at maturity, 


April, 1961 OsumI, M. 167 


only these droplets remain lining the inner surface of the plastid membrane; it is 
most likely that they are formed as the result of lipophanerosis of lamellar structures. 
However, the globuli in the chromoplast of the orange-fruit are thought to have no 
direct relation with the destruction of the fibrils. 

From structural point of view, the chromoplast in mandarin orange-fruit will be 
classified into the third type by Frey-Wissling and Kreutzer (1958)*). The shape of 
the chromoplast is spindle and the carotenoids appear to be bound chemically to 
fibrous structure. 

However, the shape and the length of the fibrils seem to be different depending 
upon the species of plant. The fibrils in the chromoplast of red pepper appear in 
3 or 4 bundles and they are relatively short and are not connected with each other 
(Frey-Wyssling and Kreutzer, 1958)‘). On the other hand, the fibrils in the chromo- 
plast of present material do not appear as bundles, but they are fine and long fibrils 
which are connected with each other like nets. Furthermore, in some portions, the 
fibrils are thicker and seem to correspond to the grana of chloroplast in higher plants. 

For the study on the structure of chromoplast, it is necessary to observe the 
structural development from the stage of proplastid. But the present report is the 
result of the study on only the mature stage of chromoplast. The relation between 
the lamellar structure and the fibrous structure in the chromoplast of the orange- 
fruit will be discussed in the further studies. 


Summary 


1. The ultrastructure of chromoplast seems to be fibrous in the orange-fruit. 
The fibrils are connected with each other. Some lipid globuli are found among the 
fibrils. 

2. There are several thicker portions in the fibril. These portions correspond 
to “grana” of chloroplast in higher plants. 

3. The ultrastructure of chromoplast is thought to be different depending upon 
species. 
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for their advice and criticism in this study. 
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Explanation of Plates 


Plate I 
Fig. 1. High magnification of electron-microphotograph of the chromoplast of Citrus unshiue. 
The chromoplast seems to be composed of many fine fibrils which are connected with each other 
and look like nets. In the fibril there are several thicker portions. These portions correspond 
to the grana of higher plants. Between the fibrils sometimes a few globuli exist. f, fibril; gr, 
granum; gl, globule. 24000. 


Plate II 


Fig. 1. Electron-microphotograph of longitudinal section of the chromoplast in C. unshiu. 
f, fibril; gr, granum; gl, globle. 12000. 

Figs. 2 and 3. Cross-sections of the chromoplast in C. uwnshiu by electron-microscope. The 
chromoplast seems to be covered with thin membrane. Inside the chromoplast-membrane, there 
are many small spots scattering which are the cross-sections of the fibrils (Fig. 2). In Fig. 3, 
owing to oblique section, thrile are shown the fibrils which look like nets. m, chromoplast 
membrane; f, fibril; gl, globule. Fig. 2, x45000; Fig. 3, x30000. 


Bot. Mag. Tokyo (April, 1961) Plate I 


OsuMI, M.: Electron-microscopical Studies on Chromoplast 
I. The Ultrastructure of Chromoplast in Orange 


II Bot. Mag. Tokyo (April, 1961) 
Plate 


: = rea * 3 5 
OSUMI, M.: Electron-microscopical Studie 
I. The Ultrastructure of Chromopla 


S on Chromoplast 
st in Orange 


Bot. Mag. Tokyo, 74: 169-177 (April 25, 1961) 


Water Uptake and Indoleacetic Acid Destruction 
of Cultured Bean Germ-Axes 


by Mitsuo IzAwa* 


Received July 29, 1960 


Generally water uptake of plant tissues is said to be in an intimate correlation 
with their auxin content'). Some authors are of opinion that the decrease in auxin 
destroying activity is a critical factor for cessation of water uptake or elongation of 
the tissues?). 

In a previous paper’) it was reported that indoleacetic acid (IAA) remarkably 
affects the changes in fresh weight or water content of cultured germ-axes of a 
bean, Vigna sesquipedalis. Thus, the fresh weight of the germ-axes which in- 
creases gradually in the absence of IAA added, changes little in a IAA (1 yg./ml.) 
containing medium for the first 2 days of culture, and then it begins to rise strik- 
ingly. That is to say, the exogenously supplied IAA apparently causes temporary 
inhibition of water uptake. 

The present report concerns with this anomalous effect of IAA on water uptake 
of cultured bean germ-axes. It will be indicated that surplus auxin may inhibit not 
only water uptake but also IAA destroying activity of the tissues. The presence of 
a dialyzable substance in the tissues which can exert promotion at lower concent- 


rations and inhibition at higher concentrations on IAA destroying system will also 
be demonstrated. 


Materials and Methods 


Seeds of Vigna sesquipedalis stored for about a year after harvest were used. 
The methods of isolation and culture of germ-axes were described elsewhere’). 

Preparation of crude extract: Fifty to 60 germ-axes were harvested daily and 
homogenized with 30m/. of 0.03M phosphate buffer (pH 6.0) and sea sand in a 
porcelain mortar. The brei was centrifuged at 1,000xg (Kubota centrifuge, Model 
K-80) for 10 minutes to obtain crude extract of the tissues. Homogenization and 
centrifugation were conducted in a cold room at ca. 4°. 

Dialysis: Thirty ml. of crude extract was placed in a seamless cellulose tube 
(A. H. Thomas Co., Philadelphia) and dialyzed against ca. 3/. of distilled water for 
294 hours with continuous stirring (a magnetic stirrer used) in the cold room to obtain 
dialyzed extract. The dialyzate solution, when its effect on IAA destroying activity 
was examined, was concentrated under reduced pressure at room temperature down 
to ca. 10 mJ. (referred to as dialyzate). 

Fractionation of crude extract: Crude extract (ca. 30 ml.) was centrifuged at 
10,000 x g (Servall centrifuge, Model SS-1) for 20 minutes to separate mitochondrial 
fraction from supernatant fraction. The sedimented pellet (mitochondrial fraction) 
was suspended in 6m. of 0.03M phosphate buffer (pH 6.0) before use. 

Measurement of IAA destroying activity: The reaction medium contained routine- 
ly 0.6mg. IAA (free acid, Merck), 0.03M phosphate buffer (pH 6.0) and designated 


* Biological Institute, Faculty of Science, Nagoya University, Chikusa, Nagoya, Japan. 
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amount of crude or dialyzed extract, mitochondrial or supernatant fraction; total 
volume was 10 mJ. When needed, MnCl: (10-*—10-? M)*, hydrogen peroxide (10-4 M)**, 
2,4-dichlorophenol (10-‘—10-?M), hydroquinone (10-°>—10-7M) or diluted dialyzate 
(1:10—1:1,000 by volume) was further added to the reaction medium. A shaking 
apparatus in a dark room was used; reaction temperature 30°. JAA destroying 
activity of extract or fraction was assayed as the amount of IAA (ug.) disappeared 
from the medium in one hour per protein-N (mg.). IAA was estimated colorimetrically 
as described by Galston and Dalberg’). Protein was precipitated with 10% trichloro- 
acetic acid, and its nitrogen was estimated by Levy-Palmer’s method.*) 


Results 


IAA destruction in crude extract. 


IAA destroying ability of crude extracts prepared from germ-axes which were 
harvested daily is shown in Fig. 1. Two facts are noted in this figure: one is that 
in control culture (grown without exogenous IAA) the ability was the highest in 2 
day-old culture and thereafter gradually declined until it was lost entirely on the 7th 
day. This result appears to be incompatible with Galston and Dalberg’) and Pilet 
and Galston*) who indicated that IAA destroy- 
ing activity of crude homogenates from pea 
epicotyl and Lens root increased with the age 
of the tissues. The other fact to be noted 
is that in JAA culture (grown with exogenous. 
50 IAA) the ability was remarkably low for the 
initial 2 days. But after that time the activi- 
ty showed a similar rise and fall to that 
observed in control culture. The pattern was. 
30 not changed even if the culture medium 
(containing IAA) was renewed daily. As 
seen in the figure, this transitory depression 
of IAA destroying ability at the initial stage 
of JAA culture kept pace with the inhibition 
of water uptake of the tissues. The paral- 
lelism was undetectable in later period of 

Culture Period ( Days ) culture when IAA destroying activity sharp- 
Fig. 1. IAA destruction in crude extracts ly declined independently of the water up- 
and fresh weight of control and IAA take. These facts also appear to be incom- 
cultures of various ages. Solid lines: IAA patible with the findings of other authors?.°) 
Tees toad Ward ia oan that in pea epicotyl and Lens root the drop 
: , ’ in IAA destroying activity accompanies the 

culture. Nenae ; 

rise in water uptake and vice versa. 


F.w. (mg ) 


40 


20 


Destroyed !AA ysg/ mg Protein-N/ hr, 


Effect of dialysis on crude extract. 


In order to examine the mechanism of the inhibition of IAA destroying activity 
in the later culture period of both control and IAA cultures as well as in the early 


period of JAA culture, the effect of dialysis on crude extracts prepared from either 
* 


Figures in parentheses indicate the final concentrations. 


** Hydrogen peroxide of higher concentration (>10-4M) was found to destroy IAA non- 
enzymatically. 
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control or IAA culture of various ages was examined (Fig. 2). As shown clearly in 
the figure, the initial depression of the activity in JAA culture was nearly unaffect- 
ed by dialysis, whereas the inhibition in the later stage of control and IAA cultures 
was removed entirely by dialysis. Moreover, the eee 

activity of dialyzed extract prepared from germ-axes | 
in the later culture period was found to be hardly 
decreased by prolonged (2 to 3 day-long) dialysis. 
These facts suggest that the inhibition at the later 
stage of both cultures is due to some dialyzable sub- 
stance(s), whereas the inhibition at the initial stage 
of JAA culture has nothing to do with such dialyz- 
able inhibitor but likely is ascribed to the decrease 
in IAA destroying activity induced by exogenous 
IAA. 


Destroyed IAA pa/ mg Protein-N /hr, 


Effects of manganese, hydrogen peroxide, phenols 
and “ dialyzate” on IAA destruction. 


It is known that JAA destruction in plant tis- 
sues is an oxidative reaction catalyzed by peroxidase 
system, which is seriously affected by various sub- 


0 oi aif n n 


stances such as Mn++, H:O2, monophenols and V2 eS eens S tot li’, 


Culture Period ( Days ) 


polyphenols*:’.*), 
The effect of the addition of 2, 4-dichlorophenol Fig. 2. IAA destruction in dia- 
(DCP) on crude and dialyzed extracts prepared from ‘'¥2¢¢ extracts from control and 
2 day-old control culture is seen in Fig. 3(a). DCP EL LENT ES ON at NOs iia shes 
ee symbols see the legend of Fig. 1. 
was found to act inhibitorily on crude extracts 
even at as low concentration as 10-'M, while stimulatively on dialyzed extracts at 
10-*—10-*M. At higher concentrations (=10-'M), however, DCP acted inhibitorily 
even on dialyzed extracts. Fig. 4(a) indicates that IAA destruction by crude and 
dialyzed extracts prepared from 5 day-old control culture is affected by DCP in a 
similar way to the case of the extracts from 2 day-old control culture. On the other 
hand, DCP had no effect of increasing but only that of decreasing the weak IAA 
destroying activity of either crude or dialyzed extract from 2 day-old [AA culture 
(Fig. 5(a)). Although no detailed description is given, DCP did not affect at all 
crude and dialyzed extracts prepared from 0 day-old germ-axes. The results obtain- 
ed by other authors with other materials do not always coincide with the present 
data. For example, higher amounts of DCP (10-‘—10-* M) were reported to stimulate 
IAA destruction of crude homogenates prepared from pea epicotyls or wheat 
leaves?’*). As generally accepted, DCP may act in IAA destroying system as a sub- 
stitute for a naturally occurring phenolic cofactor®'°), and these discrepancies may 
be explained in terms of the difference in concentration of endogenous phenolic co- 
factor. Thus bean crude extract may contain optimal amount of the cofactor, and 
exogenously supplied excess DCP would act only inhibitorily on IAA destroying 
system. On the other hand, in dialyzed extract the cofactor level may have been 
dropped sufficiently by dialysis, and now exogenous DCP can stimulate IAA destruction. 
Hydroquinone (10-° M) acted only inhibitorily on both crude and dialyzed extracts 
from control and [AA cultures of various ages (Figs. 3(b), 4(b) and 5(b)). This 
polyphenol, as a substrate for peroxidase, may compete with IAA for the enzyme 
action under consideration®:®). 
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Fig. 3. Effects of 2, 4-dichlorophenol (DCP), hydroquinone, Mn++, H2O2 and dialyzate on 
IAA destruction in crude (blank bars) and dialyzed (filled bars) extracts prepared from 2 
day-old control culture. Figures shown on the abscissa are molar concentrations or dilution 
numbers (in (e)) of the additions. 

(a): control (C) and DCP effect, (b): hydroquinone effect, 

(c): Mnt* effect, (d): H:O2 effect, 

(e): dialyzate (prepared from 2 day-old control culture) effect. 


250 (a): (b) (c) (d) (e) 
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Fig. 4. Effects of DCP, hydroquinone, Mn++, H,O. and dialyzate on IAA destruction 
in crude and dialyzed extracts prepared from 5 day-old control culture. Dialyzates prepared 


from 2 and 5 day-old control cultures were examined respectively. For further details see 
the legend of Fig. 3. 
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Fig. 5. Effects of DCP, hydroquinone, Mn++, HO, and dialyzate on IAA destruction in 
crude and dialyzed extracts prepared from 2 day-old [AA culture. Dialyzates prepared from 
2 and 5 day-old control cultures were examined respectively. For further details see the 
legend of Fig. 3. 


Hydrogen peroxide acted promotively on crude extract from every culture. This 
may again relate to the participation of peroxidase in IAA destroying action. The 
reagent, however, acted rather inhibitorily on dialyzed extract regardless of culture 
conditions of the source materials (Figs. 3(d), 4(d) and 5(d)). The mechanism of this. 
inhibition is not yet clear. It was also found that hydrogen peroxide could not evoke 
any IAA destroying activity in the extracts from 0 day-old germ-axes. 


Table 1. Recovering effect of Mn++ on IAA destroying activity inhibited 
by DCP, hydroquinone or dialyzate. 


Additions to reaction medium* @ Ais, ae cree Thr) 
none (control) LL 
+DCP (10-5 M) 22 
+DCP (10-5 M)+Mn++(10-5 M) 208 
+hydroquinone (10-5 M) 15 
+hydroquinone (10-5 M)+Mn++(10-5 M) 18 
+dialyzate (x1/10)** 20 
+dialyzate (x1/10)+Mnt+(10-5 M) % 204 


* Reaction medium: 0.6mg. IAA in 2ml. of 0.03M phosphate buffer (pH 6.0), 5ml. of 
enzyme solution, crude extract prepared from 2 day-old control cultwre, made up to 10 ml. with 
the buffer. 

** Dialyzate (see ‘Dialysis’ in Materials and Methods) diluted 10 times by volume with. 
water was used. 
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Effect of manganese ions is also seen in Figs. 3(c), 4(c) and 5(c). Mnt++(10-* M) 
stimulated the rate of IAA destruction by both crude and dialyzed extracts prepared 
from germ-axes of various ages excepting 0 day-old ones. Mn++ added also comple- 
tely reversed the inhibition caused by DCP (Table 1). But Mn++ could neither en- 
hance the IAA destroying ability of the extracts from 0 day-old germ-axes nor 
remove the inhibition induced by exogenous hydroquinone (Table 1). Interaction of 
manganese and DCP on IAA destroying system was investigated by Hillman and 
Galston’*?) in some details. They pointed to the possibility that Mn** inhibits 
and promotes IAA destruction in tissue brei containing lower and higher levels of 
endogenous phenolic cofactors, respectively. 

It was described above that dialyzate contained some factor(s) which could inhibit 
IAA destroying activity. Effect of dialyzate on dialyzed extract is illustrated in 
Figs. 3(e), 4(e) and 5(e). Figs. 4(e) and 5(e) suggest that the content of the factor(s) 
is higher in 5 day-old materials than in 2 day-old ones. It is noticeable that dialyzates 
from both 2 and 5 day-old tissues stimulated the destruction at a lower concentration 
and inhibited at a higher one. Inhibition by a higher concentration of added 
dialyzates was also diminished by Mnt++(10-> M) (Table 1). 

Since any addition, i.e., Mn++, H2O2 or DCP, could not evoke IAA destroying 
ability in 0 day-old extracts at all, the destroying system seems to be not yet func- 
tioning in germ-axes at the outset of culture. 


Subcellular localization of IAA destruction system. 


Subcellular localization of IAA destroying activity was investigated (Fig. 6). 
Mitochondrial (Mt) and supernatant (Sp) fractions from 2 day-old materials could 
hardly decompose IAA by themselves, 
200 but the recombination of these fractions 
evoked remarkable decomposition. More- 
over, it was clearly demonstrated that 
the activity of crude extract from 5 day- 
old tissues was localized almost exclu- 
100 sively in Mt fraction, and some inhibiting 
substance(s) seems to exist in Sp frac- 
tion. This unknown substance(s), how- 
ever, cannot be regarded as a simple 
inhibitor since the addition of small and 
as ae se er Ba ee area large amounts of Sp from 5 day-old 
Fig. 6. IAA destruction by subcellular com- culture to Mt from 2 day-old culture 
ponents prepared from 2 (blank bars) and 5 (filled stimulated and diminished the IAA de- 
bars) day-old control cultures. struction, respectively (Table 2). The 
1: crude extract, not fractionated, results are very similar to those obtained 
a mitochondrial fraction, in DCP experiments (Figs. 3(a) and 4(a)). 
3: supernatant ‘fraction, As the amount of the active substance 
4: mitochondrial+supernatant fractions. s ; ‘ ; 
in Sp increases in some way with cul- 


pide period, the action of Sp may be converted into inhibitory from promotive as was 
Observed. 


150 


Dastroyed IAA Jos mg Protein-N / hr, 
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Table 2. Subcellular distribution of IAA destroying activity. 


Fractions added to reaction medium* IAA destroyed 
(ug./mg. protein-N/hr.) 
4+Mt** (1 ml.) 10 : 
+ Sp*** (1 ml.) 7 
+ Sp (5 ml.) 12 
+ Mi(1 ml.)+Sp(1 ml.) 134 
+ Mi(1 ml.)+Sp(5 ml.) 37 


* Reaction medium: 0.6mg. IAA in4ml. of 0.03M phosphate buffer (pH 6.0); total 
volume made up to 10 ml. with the buffer. For further explanations, see ‘ fractionation of crude 
extract’ in the text. 

** Mt fraction prepared from crude extract of 2 day-old control culture. 

*** Sp fraction prepared from crude extract of 5 day-old control culture. 


Discussion 


In view of the effects of Mnt+, H:O:, monophenol and polyphenol*-'°), the bulk 
of IAA destruction by the extract of bean germ-axes appears to involve a peroxi- 
dative reaction. 

Galston and Dalberg?) have found that in pea epicotyls IAA destroying activity 
is the lowest in the apical zone and increases basipetally along the epicotyl axis, and 
have suggested that the decrease in JAA level due to the increase of IAA oxidation 
capacity would be responsible for the cessation of elongation in the aged tissues. 
Similar result was also reported by Pilet and Galston®). They observed that in Lens 
root IAA destruction was the weakest at the meristematic zone and increased toward 
the maturation zone. In contrast, however, in the present materials, IAA destroying 
ability, as estimated similarly for crude extract to the above-cited authors, was 
elevated till the 3rd day of culture, and subsequently declined gradually to complete 
disappearance without any concomitant fall and rise in water uptake or elongation 
(Fig. 1). Another widely accepted view is that cell wall extensibility and/or water 
permeability of protoplasmic membrane are the essential factor for water uptake or 
elongation of plant tissues'!), and we have previously shown that disappearance of 
wall extensibility is the major cause of the cessation of water uptake in germinating 
bean hypocotyl‘). At least in the present materials, therefore, IAA destroying ac- 
tivity may have no direct relation with water uptake or tissue elongation. 

It is difficult, however, to answer whether IAA decomposing ability as assayed 
for extracts may reflect precisely the activity of the intact tissues. Separately we esti- 
mated the decrease in content of IAA added to a reaction medium in which isolated 
germ-axes were floated and shaken. Excepting the case where 0 day-old germ-axes 
were examined, definite loss of IAA from the medium was always found to take 
place. But it is still questionable if the activity zm vivo was exactly measured here, 
since the decrease of IAA in the medium might simply be due to IAA absorption 
of the tissues. 

The weak IAA destroying activity of crude extracts prepared from aged germ- 
axes was elevated strikingly with dialysis (Fig. 2). This suggests that some dialyzable 
inhibit or exists in crude extract. The effects of dialyzate and DCP on IAA de- 
struction were found to be remarkably similar to each other; they stimulate the 
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destruction at lower concentrations and inhibit at higher ones, and the inhibition 1s 
removed by Mn++. Hence a temporary conclusion may be that, in agreement 
with other authors’.®.°), some phenolic compound is responsible for the stimulation 
and the inhibition of IAA destruction in bean germ-axis extract. But an alternative 
possibility is not entirely excluded that the inhibition and the stimulation are: 
brought forth by different yet unidentified substances, respectively’). An inter- 
esting finding is that in aged germ-axes IAA destroying activity (peroxidase 
activity ?) and the active substance(s) in question were shown to localize in mito- 
chondrial and 10,000xg supernatant fractions, respectively, while in younger cells. 
(2 day-old) the activity was manifested only when both fractions were combined. In 
the present experiments it was also found that IAA destroying ability in dialyzed 
extract prepared from germ-axes at later culture period was not removed with pro- 
longed dialysis. On the other hand, a purified peroxidase preparation has been shown 
to be still in combination with some cofactor®). Thus, the exclusive localization of 
the activity in Mt fraction in aged cells may be ascribed to the binding of the active 
substance (cofactor) from Sp fraction with the enzyme protein moiety in Mi? fraction. 

In JAA culture only weak IAA destruction was exhibited for the initial 2 days. 
This weak activity could not be promoted by dialysis, and likely related to the in- 
hibitory action of auxin added in excess. Separately it has been revealed that the 
concentration of ether-extractable auxin is the highest in 0 day-old germ-axes as far 
as the germination stage is concerned. Thus the exogenously supplied IAA may 
readily rise the auxin level of the tissues over a threshold so that their JAA destroy- 
ing activity would be depressed. During the initial 2 days of culture this surplus 
IAA may be destroyed slowly with this remaining weak activity until the IAA con- 
centration falls down below the threshold level, and this would allow more active 
IAA destruction and normal water uptake to proceed. 


Summary 


1. IAA destruction by extracts prepared from bean germ-axes cultured in a 
medium with or without IAA added was investigated. 

2. In control culture (grown without exogenous IAA) IAA destroying activity 
as measured for crude extract was at its maximum in the 2 day-old materials and 
decreased henceforth. The declined activity was increased considerably with dialysis: 
of the extract. 

3. In JAA culture (grown with exogenous IAA, 1yg./mi/.) IAA destroying 
activity changed as in control culture but with a definite lag period of 2 days where 
only weak activity was manifested. This initial depressed activity was not promoted 
by dialysis. 

4, Addition of a small amount of dialyzate from either 2 or 5 day-old tissues to 
dialyzed extract stimulated IAA destruction, whereas the addition of a large amount 
inhibited it. This inhibition was reversed with Mntt. 

5. Combined with the results obtained especially from the examinations on the 
effects of H:O2 and phenols, the involvement of peroxidase reaction in JAA destruc- 
tion and the presence of an endogenous phenolic substance affecting IAA destroying 
activity was assumed. 


The author wishes to express his sincere gratitudes to Dr. Y. Oota for his kind 
guidance and advice. 
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Photosynthetic Nitrite Reductase I. Partial Purification and 
Properties of the Enzyme from Spinach Leaves* 


by Hirosi Huzisice** and Kimiyuki SAToH** 


Received September 27, 1960 


In a previous paper') it was shown that the intact cells of Euglena showed a 
noticeable activity of nitrite reduction, and this reaction was accelerated both by 
exposure to light and by the addition of some suitable hydrogen donors. The authors 
suggested a possible mechanism for nitrite reduction as follows, based upon the ex- 
perimental evidence reported in that paper: 
in the light, 


Light 
la aa XH, +1/20,..........+.+-(1) (Hill reaction) 
Grana 
XH, + NO;—~ [Reduced products]+X ..(2) (Nitrite reduction), 
Enzyme 
in the dark, equation (1’) was postulated in place of equation (1), 
FL Ban oe AD. bares ence sesneehdy 
Dehydrogenase 


where X and H,B represent the hydrogen transporting system and the hydrogen 
donor, respectively. 

Attempts to demonstrate nitrite reduction using the cell-free system of Euglena, 
in order to provide further experimental evidence for this reaction scheme, have 
achieved little success, because of technical difficulties in gathering materials in large 
quantities, and because of the slight accelerating effect of light, although a definite 
photochemical nitrite reduction was always observed. 

The present paper is concerned with the isolation from spinach leaves of a soluble 
enzyme preparation, which is required in addition to grana for the photochemical 
nitrite reduction. The summarized results of kinetic studies on the reaction in question 
are also described. Further experiments on the chemical pathway of this reaction 
system and further purification of the enzyme preparation will be published elsewhere. 


Materials and Methods 


(1) Preparation of grana: Fresh leaves of spinach (ca. 800 g. for each preparation) 
were freed from veins and macerated in small volumes of the extracting solution 
(ca. 100 ml.) in a Waring blendor for 3 minutes at top speed. The homogenate was 
squeezed through cheesecloth to remove coarse material and the filtrate was centrifuged 
for 3 minutes at 800xg. The supernatant fluid (referred to as G,) was again centri- 
fuged for 20 minutes at 25,000 x g; the residue was suspended in the extracting solution 
(suspension G,), and the greenish supernatant fluid (crude enzyme extract: E,)*** was 
subjected to a further purification procedure for enzyme preparation. The sediment 
obtained by centrifuging the G,-suspension was resuspended in smaller volume of the 
same extracting solution and used as the final material of grana preparation (this is 
referred to as G,). On microscropic examination, the grana in the G,-suspension were 

* Preliminary report upon this work was presented at the 24th annual meeting of the 
Botanical Society of Japan (1959, Sendai). 


** Department of Biology, Faculty of Science, Okayama University, Okayama, Japan. 
*** This fraction still showed a remarkable activity of the Hill reaction. 
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found to be of a uniform size. 

As the extracting solution, M/90 phosphate buffer (pH 7.0) containing 0.4M suctfose 
was used in the preliminary experiments, but Tris-HCl buffer (pH 7.1) was found to 
be more suitable for obtaining grana preparations of high activity, and this buffer 
solution was used in all the experiments described in this paper. 

The whole procedure of extraction was carried out at 0~5°C, and the grana 
preparation (G,) was prepared just prior to use, because of its instability (See p. 181). 

(2) Preparation of partially purified enzyme: Crude enzyme extracts (E,) were 
purified by acetone fractionation. Acetone, previously cooled to —5°, was slowly added 
to the crude enzyme extract with mechanical stirring to a final concentration of 50 per 
cent, and after standing for 10 minutes, the mixture was centrifuged for 10 minutes 
-at 800xg. Cold acetone was again added to the greenish-brown supernatant solution 
to a final concentration of 80 per cent. After several minutes, the greater part of 
the supernatant fluid was decanted, and the precipitate was collected by centrifugation 
for 10 minutes at 1,000 g. The partially purified enzyme thus obtained was dissolved 
in a small volume of buffer solution (clear, chocolate-coloured) and used in most of 
the following reconstruction experiments, and this is referred to as preparation E,. 

Further purification of the enzyme has been accomplished in our laboratory by 
the use of active alumina adsorption and diethyl-aminoethyl-cellulose chromatography, 
the details of which will be described in the following paper. 

(3) Assaying procedure: The method of measuring the nitrite-reducing activity 
‘was essentially the same as that described in the previous paper‘), and only a brief 
outline will be given here. Thunberg tubes illuminated under continuous shaking in a 
thermostat (25°) were used as reaction vessels. Since there was no difference in 
nitrite reduction under anaerobic, and aerobic conditions, the gas space remained 
unchanged. The light intensity at the surface of the reaction vessel was uniformly 
about 20,000~25,000 lux. Dark reaction was carried out in reaction vessels covered 
with aluminium foil. The composition of the standard reaction mixture was as follows: 
1.5m/. of grana suspension, 1.0m/. of enzyme solution, 1.5m/. of buffer solution, 
and 1.0m/. of 10-?M//. NaNO,. At various intervals during the reaction period, the 
reaction vessels were removed from the thermostat one by one, and the reaction 
was instantaneously stopped by the addition of a saturated solution of uranyl] acetate. 
After bringing the mixture up to 12.5m/. with distilled water and centrifuging at 
25,000x g. for 5 minutes, the supernatant fluid was assayed for nitrite. The estima- 
tion of nitrite concentration was essentially the same as that described by Novak and 
Wilson?). To 2.5ml/. of the supernatant fluid, 7.5m/. of distilled water and 1.0 mi. 
of Griess-Ilosvey’s reagent were added, and after shaking for 15—20 minutes, the 
red colour formed was measured spectrophotometrically at 530my. The protein 
contents of the enzyme preparations were determined by the ultraviolet absorption 
at 260 and 280myz after Kalcker’s method’), and the method of MacKinney‘) was 
used for chlorophyll determination. - 


Results 


(1) Nitrite reduction by homogenate of green leaves: As an initial step to the analy- 
sis of nitrite reduction by a cell-free system, the first centrifugal fraction (G,) was 
subjected to an examination of the activity of the reaction in question. The results 
obtained both in the light and in the dark are given in Fig. 1. As will be seen from 
the figure, light has a pronounced effect on nitrite reduction, the ratio of the reaction 
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rate in the light to that in the dark being about 9:1, a ratio greater than that obtained. 
with Euglena cells'). Although not indicated in the figure, an exact proportionality 
between the concentration of the homogenate used and the initial velocity was ob- 
served over a wide range. 
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Fig. 1. Nitrite reduction by homogenate Fig. 2. Fractionation of homogenate (G,) 
of spinach leaves. The reaction mixture into grana (G,) and enzyme (E,). The chlo- 
consisted of homogenate (G,) 4.0ml. and rophyll content in G, was made equal to that 
Na-nitrite (10-3 M/l.) 1.0ml. Light reac- in G,. Detailed explanation in text. 


tion was carried out under an intensity of 
20 ,000—25 ,000 lux; the dark reaction vessel 
was shielded with aluminium foil. All reac- 
tion vessels were incubated in a thermostat 
at 2034 


(2) Fractionation of homogenate into grana and enzyme: The activities of photo- 
chemical nitrite reduction measured with three centrifugal fractions, i.e. G,, G, and E 
were compared. As shown in Fig. 2, the activity of HOmiécenateiG irae! foward to Be 
markedly reduced by separation into grana G, and crude enzyme E It was interest- 
ing, however, that the diminished activity in G, was restored ind rate comparable 
to that obtained with G,, provided that crude enzyme fraction E, was added to the 
reaction mixture. To ascertain the above-mentioned Pelationshi® we carried out a 
more ellaborated reconstruction experiment, using the partially purified enzyme pr 
paration (E,) and the three-times washed grana preparation (G,). The eld ne 
summarized in Table 1. It will be seen from this table stnit a noticeable rate of 
nitrite reduction is obtained only when the reaction mixture was illuminated in the 
presence of the two components (E, and G,), while illuminated grana or enz 
alone showed a negligible rate of reduction. The enhancement of activit set 
G, and E, was scarcely observed when one of these fractions had been saielsieal 

In view of the experimental evidence obtained above, we may infer th t 
peivons substances produced photochemically as a vesult of te Hill Rete ied re 
ges sated to the nitrite reducing system in the enzyme preparation, thus leading 
o the reduction of nitrite in the light. The activity of this enayine, is assumed to 
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depend greatly on the photochemical activity of the grana preparation, although the 
‘enzyme preparation showed a slight activity of nitrite reduction also in the dark, 
suitable amount of hydrogen donor (e.g., malate) was added. 
therefore, tentatively proposed that the enzyme should be named “ photosynthetic 


provided that a 


nitrite reductase 


Table 1. Typ 


preparation; 


HUZISIGE, H., and SATou, K. 


”? 
. 


ical result of reconstruction experiment. The following abbreviations are 
employed: Ey, partially purified enzyme preparation; G;, three-times washed grana 


BE,, BG;, the samples (E, or Gs)treated at 70° for 3 min. 


of nitrite reduced is expressed as the quantity of nitrite reduced in 5 min. 


Components of reaction G ofa Nitrite reduced 
micture Light condition (uM 
1. NaNO,+G3 Light 0.02 
2. NaNO.+E, Light 0 
on NaNO,+G3+E,4 Light 0.68 
4. NaNO.+G;+E,4 Dark 0 
5. NaNO,+BG3+E, Light 0 


(3) Stability of nitrite reduction system: The stability of the nitrite-reduction 
stigated by comparing the following four combinations; E-G, E-OG, 


system was inve 


RELATIVE ACTIVITY (%) 


0 20 70 60 80 100 
STORAGE PERIOD (Aza) AT OC IN THE DARK 


Fig. 3. Stability of nitrite reduction system. The rates 
of photochemical nitrite reduction by respective combinations 
which were measured after standing at 0°C for varying 
periods in the dark and expressed as the amount of nitrite 
reduced (x10-7M) in 10min. were plotted as percentage of 
the rate of original activity measured with E,-G3-system at 
just after their preparation. 1, O—O, E-G; 2, x—™x, 
OE-G; 3, @—@, E-OG; 4, a---A, OE-OG. The reaction 
mixture consisted of enzyme (20mg. protein/ml.) 1.0ml., 
grana (1.8mg. chlorophyll/ml.) 1.0 ml., Tris-HCl buffer (0.05 
M, pH 7.1) 2.0ml. and NaNO, (2x10-?M/l.) 1.0ml. Tem- 
perature, 25°; light intensity, 20,000—25,000 lux. 
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OE-G and OE-OG, where E and G represent the freshly prepared enzyme preparation (E,) 
and grana (G,), respectively, and OE and OG represent the similar preparations aged. 
by storing in an ice-box for varying lengths of time prior to the test. As will be 
seen from Fig. 3, the observed decline in capacity for photochemical nitrite reduction 
is mainly ascribable to the deterioration of the grana. 

(4) Kinetic studies on photochemical nitrite reduction: 

(a) Effect of enzyme concentration: The relationship between the initial velocity 
of nitrite reduction and the enzyme concentration was investigated, and the results. 
are shown in Fig. 4. As can be seen, 
a linear relationship exists between 
reaction rate and enzyme concentra- 
tion within the limit of 10mg. enzyme- 
protein per vessel and at higher en- 
zyme concentrations the reaction rate 
becomes gradually saturated to show 
a plateau in the curve. From these 
findings, enzyme concentrations of 20- 
30 mg. protein per vessel were there- 
fore employed in the following experi- 
ments, except when the concentration 
of the enzyme was reduced to make it 
the rate-determining factor. 

(b) Effect of grana concentration: 
The initial velocity of the reaction in 
question increased with the increase in 
grana concentration up to 2mg. chlo- 
rophyll per vessel, higher concentrations of grana above 3 to 4mg. chlorophyll per 
vessel rather retarding reaction rate, as shown in Fig. 5. This may be interpreted. 

as to be due to the mutual shading 
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NITRITE REDUCED IN 10 MIN.(#M) 


% 10 20 30. «40 50 


ENZYME CONCENTRATION (g-/totecn /vesse2) 
Fig. 4. Effect of enzyme concentration on pho- 
tochemical nitrite reduction. Grana (G,), 2mg. 
chlorophyll per vessel, was used. Light intensity, 
20 ,000—25,000 lux; 25° 


ra effect. 

= (c) Effect of substrate concentra- 
a 2 A tion: The (apparent) Michaelis con- 
° ara stant with respect to the reaction in 
= question was computed from the data 
& of reaction rate versus substrate con- 
5 as centration, according to the following 
= equation; 

p= 

3 l/o=K,,/VA/IS)+1/V . 

= 


9% 


j 2 3 & 
From 1/v-1/[S]-curve, it was possible: 

GRANA CONCENTRATION (cAlorop-hyle (me) /versel) ’ 
P/ to read off the value for K,, as. 


Fig. 5. Effect of grana concentration on photo- 3x 10-* M/L 


chemical nitrite reduction. Enzyme (E,), 31.0 mg. Fine. A 
protein per vessel, was used. Light intensity, (d) Effect of pH: As indicated in 


20,000—25,000 lux; 25°. Fig. 6, the pH range of this reaction. 

was found to be 5.5~7.0 with a max- 

imum at pH 7.0. The increase in activity in the acidic region below pH 4.0 is pro- 
bably due to the non-enzymatic disappearance of nitrite under the acidic condition. 

(e) Effect of buffer: Three buffer solutions, i.e. Tris-HCl buffer (M/5 Tris- 

(hydroxymethyl)-aminomethane, M/10 HCl), Mcllvaine’s citrate buffer (M/5 Na,HPO,, 
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M/10 citric acid) and phosphate buffer (M/15 Na,HPO,, M/15 KH,PO,), were used to 
test the effect of the nature of the buffering system upon the reaction rate of nitrite 
reduction at pH 7.1. As shown in Fig. 7, Tris-HCl buffer was found to be the most 
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Fig. 6. Effect of pH on photochemical Fig. 7. Effect of the composition of 
nitrite reduction. MclIlvain’s citrate buffer buffer solutions on photochemical nitrite 
(pH 3.0~8.0) were used. Enzyme (E,), 21.5 reduction. The following three buffer 
mg.-protein per vessel, and grana (G3) 2.6 solutions of pH 7.1 were used: T, @, 
mg.-chlorophyll per vessel, were used, re- Tris-HCl buffer; C, @, MclIlvaine’s citrate 
spectively. Light intensity, 20,000—25,000 buffer; P, 0, phosphase buffer. Enzyme 
hace 2b (E,), 21.5mg.-protein per vessel, and grana 


(Gs), 2.6 mg.-chlorophyll per vessel, were 
used. Light intensity, 20,000—25,000 lux; 
25°, 


suitable for this reaction. It should be noted that no such marked response to phos- 
phate as reported in the previous paper!) was observed in this case, although the 
reason for this lack of phosphate effect in the nitrite raduction in this case of a 
cell-free system awaits further elucidation. 


Discussion 


A more remarkable activity of photochemical nitrite reduction than that of Euglena 
cells reported in the previous paper') was observed with the homogenates of spinach 
leaves. The marked difference between spinach extracts and Euglena cells may 
indicate a difference between the photochemical activities of strictly autotrophic plants 
(e.g. Spinacia) and facultatively autotrophic microdrganisms (e.g. Euglena), and it 
may be supposed that autotrophic plants carry on many light-dependent metabolic 
activities besides photosynthesis. 

Fractionation of the photochemical nitrite reduction system of spinach leaves into 
a grana system and an enzyme system has been achieved in this study. Using these 
two components, i.e. enzyme preparation (“photosynthetic nitrite reductase”) and 
grana preparation of spinach, we could clearly demonstrate that the photochemical 
nitrite reduction results from their coagency. A marked nitrite reduction was ob- 
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served only when the two components were added together and illumination was also 
provided, whereas grana or enzyme alone showed a negligible activity of nitrite re- 
duction both in the light and in the dark. It is evident from the data presented 
above that, grana is endowed with a thus far undiscovered capacity for a new type 
of chloroplast reaction, i.e. photosynthetic nitrite reduction, besides the Hill reaction, 
photosynthetic phosphorylation, etc., provided that a newly isolated leaf enzyme is 
added. Accordingly, the latter factor was named “ photosynthetic nitrite reductase”. 

We have presented") a reaction scheme for the reduction of nitrite, in which some 
reducing substances produced either by the Hill reaction or by the dehydrogenation 
of hydrogen donor may play an important role, and we could bring further evidence 
in this report as to the enzymatic nature of the process. 

Despite several similarities in the methods of preparation and the properties of 
our “photosynthetic nitrite reductase” and those of “ photosynthetic pyridine nucleo- 
tide reductase” of San Pietro and Lang*.”), these two enzymes differ in that the 
activity of the former is inhibited rather than accelerated by the addition of TPN*. 
Another point of interest in this connection is the elucidation of the mechanism by 
which the reducing substance is transferred from the chloroplast to the enzyme 
system. Further studies are needed to elucidate the functional role that the enzyme 
plays in the mechanism of photochemical nitrite reduction. 


Summay 


1. The homogenates of spinach leaves show a remarkable activity of nitrite re- 
duction, and this reaction was found to be accelerated by exposure to light. The 
ratio of the reaction velocity in the light to that in the dark is about 9:1; a ratio 
greater than that obtained with Euglena cells (2:1). 

2. The separation of the homogenate into grana and enzyme was achieved, the 
reduction of nitrite occurring only when these two components were added together, 
and illumination was also provided, whereas either preparation alone showed a negli- 
gible rate of nitrite reduction. This enzyme was designated tentatively as “ photo- 
synthetic nitrite reductase”, and partially purified by acetone fractionation from crude 
extracts of spinach leaves. 

3. The biochemical properties of this enzyme have been examined by investigat- 
ing the effects of enzyme concentration, grana concentration, substrate concentration, 
pH and the composition of buffer solutions upon the rate of photochemical nitrite 
reduction. 

4, Additional evidence for the reaction scheme proposed in the preceding paper 
was discussed. 


The authors wish to express their thanks to Mr. Tadao Arasort, who collaborated 
in some of the experimental work. Thanks are also due to Dr. McCrimmon for her 
kindness in reading the original manuscript, and to Dr. A. Taxamtya of Tokyo Uni- 
versity for his criticism and encouragement. 
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Concerning the Anthocyanins of Two Garden Varieties of 


Tulipa Gesneriana 


by Mannen SHIBATA and Emi SAKAI* 


Received October 1, 1960 


In the preceding papers of this series, the structure and properties of two 
anthocyanin chlorides tulipanin and keracyanin isolated in crystalline state from tulip 
flowers have been described!:’). 

On the other hand, paper-chromatographic survey of anthocyanins recently carried 
out in our laboratory on 107 garden varieties of tulip has disclosed that the flowers 
ranging from red to dark purple contain 2-4 anthocyanins in general, and that six 
kinds of anthocyanin may be enumerated throughout the varieties examined*.*). 

The present paper includes further examples for the crystallization of two antho- 
cyanins from tulip varieties. The perianths of two garden varieties, “The Bishop” 
(Darwin strain) and “Parrot Pierson” (Parrot strain), were used as material. The 
extraction and crystallization of the pigments were carried out as usual. The yield 
of crystalline chloride was exceedingly poor; namely, 0.012 % for “ The Bishop” and 
0.006 % for “ Parrot Pierson” on a fresh weight basis. The sugar moieties in these 
anthocyanins were found to be glucose and rhamnose. The anthocyanidins were 
identified as delphinidin and cyanidin, respectively. Papar-chromatographic as well 
as spectrophotometric examinations and elementary analyses have shown that of these 
two anthocyanins, the one was nothing but tulipanin (delphinidin-3-glucorhamnoside) 
and the other was keracyanin (cyanidin-3-glucorhamnoside). 


Experimental 


A. “The Bishop ”-perianths 

Isolation of tulipanin as chloride. Fresh perianths (ca. 28 kg.) were immersed in 
cold methanol (10/.) containing 1% hydrochloric acid. After standing for 2 days, 
the filtered red extract (9/.) was added with a saturated methanolic solution of basic 
lead acetate (ca. 2/.), under continuous agitation. The blue lead salt precipitated 
was collected by suction and washed with water and methanol. The dried lead salt 
(ca. 370g.) was finely powdered and converted into chloride by dissolution in 5 % 
methanolic hydrochloric acid (ca. 2/.). The dark red filtrate was concentrated to 2/5 
volume in vacuo below 35°, and stored in a refrigerator to make further impurities 
separate out. After filtration, the anthocyanin in the filtrate was precipitated 
with ether (7 vol.). The dark red resinous precipitate obtained was dissolved in a 
small amount of 1% ethanolic hydrochloric acid and precipitated again with ether 
(5 vol.). Amorphous precipitate formed was then dissolved in a small quantity of 
ethanol containing 1% hydrochloric acid and filtered, and 1/2 vol. of 5% ethanolic 
hydrochloric acid was added to it. Soon, purplish red-brown needles commenced to. 
separate in sea-urchin-like cluster. Yield 3.6838 g. Crude crystals were recrystallized 
from warm water containing 5% ethanolic hydrochloric acid. The yield of pure 
crystals corresponded to about 0.012 % of the fresh weight of perianths used. 


* Laboratory of Plant Physiology, Biological Institute, Toyama University, Toyama, Japan. 
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Anthocyanin chloride (tulipanin). The “Bishop ”-anthocyanin crystallized in pur- 
plish red-brown needles, which decomposed at 178°, either alone or on admixture with 
authentic specimen of tulipanin. The distribution number between iso-amyl alcohol 
and 0.5 % hydrochloric acid was about 9.3. On irrigation with n-butanol/conc. hy- 
drochloric acid/water (7:2:5, v/v), one single spot was obtained on the chromatogram 
showing Rf=0.38. This was also the case on co-chromatography. The light absorp- 
tion (Fig. 1), solubility in usual solvents and colour reactions were quite identical 
with those of tulipanin. Found: C 49.99; H 4.74. Calc. for Co7Hs:OiwCl: C 50.12; 
H 4.83. Water of crystallization: Found: H:O 10.22. Calc. for C27Hs:OiCl-4 H20: 
HO 10.02. 


Absorbance 


7 1 ae (Oy GS) ee ee 


700 600 500 400 300 200 
Wave length (my) 
Fig. 1. Absorption spectra of “The Bishop ”-anthocyanin and tulipanin. 
“The Bishop ”-anthocyanin, 4/10,000 mol in 60 % EtOH (HCl-conc. 0.1 %) 
neeeee Tulipanin (from “Queen of Night”), 4/10,000 mol in 60% EtOH (HCl-conc. 0.1 %) 


Hydrolysis. The purified glycoside (1g.) was dissolved in water (80ml.), and 
after addition of conc. hydrochloric acid (50 ml/., d 1.18), boiled for 3 min. and stood 
in a refrigerator for 24hrs. The aglycone separated completely in blackish mass having 
greenish luster (0.47 g.). The acidic mother liquor was shaken with ether, in which 
no trace of organic acids could be detected. The acidic solution was then shaken 
with zso-amyl alcohol to remove a last trace of aglycone, and subjected to the ex- 
amination of sugar components. Finally, the sugars were identified as glucose and 
rhamnose, respectively, by colour reactions, paper-chromatographic test as well as 
by osazone formation. 

Aglycone (delphinidin chloride). The sugar-free pigment obtained above was 
recrystallized from a mixture of ethanol and 5% ethanolic hydrochloric acid. All of 
its properties were quite similar to those of delphinidin described by Willstatter et 
al.®). No methoxyl group was present in the molecule. Rf value was 0.23 on irriga- 
tion with acetic acid/conc. hydrochloric acid/water (5:1:5, v/v) at 281°, using Toy6d 
No. 52 filter paper. 

Found on anhydrous specimen: C 53.29; H 3.24. Calc. for CisHiO;Cl: C 53.18, 
E .3,27 « 

Water of crystallization. Found: H:0 10.09. Calc. for CisHi1:0;Cl-2H2O: H:O 9.61. 

B. “Parrot Pierson ”-perianths 

Isolation of anthocyanin (keracyanin) as chloride. Fresh perianths (7.1 kg.) were 
immersed in 1% methanolic hydrochloric acid (5/.) for 2 days. The dark red ex- 
tract was decanted and the residue was extracted again with methanol (1.5/.) for 3 
hrs. A saturated methanolic solution of basic lead acetate was slowly added to the 
combined filtrate (6/.), and the bluish green precipitate formed was collected and 
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washed thoroughly with water and methanol. This was immediately converted into 
chloride by dissolving in 5% methanolic hydrochloric acid, and the anthocyanin a 
precipitated with ether (10 vol.). The amorphous red precipitate was dissolved in 1 % 
methanolic hydrochloric acid and precipitated with ether (5 vol.). The ae process 
was repeated further four times. Finally, the product was dissolved in 1 % ethanolic 
hydrochloric acid and, after addition of 5% ethanolic hydrochloric acid (1/10 vol.), 
the mixture was allowed to stand for 2-5 days, whereby the anthocyanin commenced 
to crystallize. Recrystallization was effected by dissolution in 1% ethanolic hy- 
drochloric acid or warm water and addition of 5 % ethanolic hydrochloric acid. 

The yield of the purest specimen was 0.45 g., corresponding to 0.006 % of fresh 
weight of the perianths. 

Properties of “Parrot Pierson”-anthocyanin. The anthocyanin recrystallized 
thrice consisted of red-brown needles, and decomposed at 177°. Distribution number 
6.9. Rf value found on irrigation with acetic acid/conc. hydrochloric acid/water 
(3:1:3, v/v) at 281° using Téyd No. 52 filter paper was 0.47. The solubility, ab- 
sorption spectrum (cf. Fig. 2) and colour reactions showed a good agreement with 
those of keracyanin previously isolated from the tulip-flower (“Eclipse ”)*®). Anal. 
Found: C 51.11, H 4.83. Calc. for CzvHs1O1sCl: C 51.33; H 4.92. Water of crystal 
lization. Found: H:0 7.56. Calc. for C27Hs3i0:;Cl-3H:0: H2O 7.98. 


1.8 
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1.4 
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Fig. 2. Absorption spectra of “ Parrot Pierson ”-anthocyanin and keracyanin. 
“Parrot Pierson ”-anthocyanin, 5/10,000 mol in 60 % EtOH (HCl-conc. 0.1 %) 
woeeee Keracyanin (from “ Eclipse ”), 5/10,000 mol in 60 % EtOH (HCl-conc. 0.13 %) 


Hydrolysis. Anhydrous glycoside chloride (85 mg.) was dissolved in warm water 
(10 m/.), and the solution was added with an equal volume of 36 % hydrochloric acid 
and boiled for 3 min. After standing in a refrigerator overnight, dark chocolate- 
brown crystals were collected. Yield 43.4 mg (51.02%). The mother liquor was 
shaken with iso-amyl alcohol to remove any trace of aglycone, and was used for the 
determination of sugars. The qualitative examinations by means of colour reaction, 
osazone formation and Rf value have demonstrated the presence of glucose and 
rhamose. 

Aglycone (cyanidin chloride). The sugar-free pigment obtained above was recry: 
stallized five times from ethanol containing about 5 % hydrochloric acid. It was ob. 
tained in characteristic, long red-brown needles. | 

On co-chromatography with cyanidin chloride obtained from Pennisetum*) anc 
Tulipa*), only one spot was obtained on the chromatogram, giving Rf value 0.34 by 
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means of acetic acid/conc. hydrochloric acid/water (5:1:5, v/v) using Téyd No. 52 
filter paper. The solubility and colour reactions also proved the identity with cya- 
nidin. 

Micro-Zeisel estimation proved the absence of methoxyl group. Anal. Found: C 
55.66; H 3.41. Calc. for CisHuOsCl: C 55.82; H 3.43. Water of crystallization. 
Found: H:O 7.29. Calc. for CisHi10;Cl-1!/2H2O: H2O 7.72. 

Finally, it may be noted that according to the paper chromatographic and 
spectrophotometric studies, “The Bishop ”-flower contained four anthocyanins approx- 
imately in the following proportion: delphin (1 part), tulipanin (7 parts), keracyanin 
(2 parts) and pelargenidin glucorhamnoside (trace), and “ Parrot Pierson ”-flower three 
anthocyanins, 7.e., keracyanin (4 parts), pelargonidin glucorhamnoside (4.5 parts) and 
tulipanin (1.5 parts) (M. Shibata and N. Ishikura, unpublished results). 


Summary 


Two anthocyanins in the flower of garden varieties of tulip were isolated in 
crystalline state and their properties and structure have been described. The one 
from the perianth of the garden variety, “The Bishop” (strain of Darwin, bright 
violet, large flower) was tulipanin (delphinidin-3-glucorhamoside), which was previously 
isolated by one of us (M.S.) from the dark purple perianth of a variety of tulip 
(“Queen of Night”), and the other from the perianth of the garden variety, “ Parrot 
Pierson ” (strain of Parrot, dark red flower), was nothing but keracyanin (cyanidin-3- 
glucorhamnoside), which had been isolated by us from the blood-red perianth of a 
variety of tulip (“ Eclipse ”). 


The authors are indebted to Prof. K. Hayashi (Tokyo University of Education) for 
elementary analysis, and also to Mr. I. Demura in Tonami city and Mr. N. Kobaya- 
shi in Nyuzen town for their donation of flowers used in this experiment. 
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The Effects of 2,4-Dichlorophenoxyacetic Acid 


on Growth and Respiration in Yeasts™ 


by Kazuyoshi NISHIGAMI** 
Received October 29, 1960 


The 2,4-dichlorophenoxyacetic acid has been widely used as an effective herbicide. 
Its effects on higher plants were studied by Fang and Butts’), Akers and Fang?), 
Morre and Rogers) and Key ef al.‘). Concerning the effect of 2,4-D upon the res- 
piratory activity of higher plants, Brown®) reported that 2,4-D stimulated the res- 
piration of seedlings of bean plants. Kelly*) found that the respiration of pea stem 
tissues was accelerated by low concentrations of this substance. Further, Humphreys 
and Dugger’.*) studied the effect of 2,4-D on respiration in pea, corn and oat seedling. 

On the other hand, in lower plants such as algae and bacteria, the effect of 2,4- 
D on their respiratory activity has also been reported; it was proved that the respi- 
ration of Spirogyra®), Chlorella‘’), Azotobacter and Rhizobium''.*) was stimulated by 
low concentrations of 2,4-D. 

As far as the author is aware, yeasts have never been used in the study of 2,4- 
D. The present study deals with the effect of 2,4-D on the growth and respiratory 
activity of yeasts. 


Materials and Methods 


Three kinds of yeasts were used: Rhodotorula glutinis (wild yeast), Saccharomyces 
cerevisiae (baker’s yeast) and Saccharomyces carlsbergensis (bottom brewer’s yeast). 

The yeasts were inoculated on 50 m/. of Henneberg solution contained in 300 mil. 
Erlenmeyer flasks and cultured at 30°. The details of culture methods used were 
identical with those described in a previous paper'®). In the present studies both the 
shaking culture (aerobic condition) and the static culture (relatively anaerobic con- 
dition) were used. Yeasts were grown in a solution containing 2,4-D (final concen- 
tration between 0.004M and 0.046 M), and were collected by centrifugation at 4,000 
r.p.m. at the end of the growth period. Then they were washed three times with 
distilled water, dried in an air bath, and their dry weights were measured. : 

In the test of respiration of yeasts, the cells were collected at logarithmic phase 
and the usual Warburg procedures were employed. The materials and their final 
molar concentration in each reaction chamber were as follows: cells suspension, 
0.5 m/.; glucose as substrate, 0.025M; phosphate buffer, pH 5.4, 0.025M; 2,4-D as 
sodium salt, from 0.01M to0.05M. The volume of solution in the reaction chambe 
was ajusted with distilled water to make 2m/. in total. The center well Gna 
0.5 m/. of 20 per cent KOH and a fluted filter paper strip. The gas phase was aif 
and the temperature was 30°. 


Results 


Effects of 2,4-D on the growth of yeasts. 
The inhibitory effects of 2,4-D on the growth of three kinds of yeasts are shown 
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in Figs. 1, 2 and 3. As will be seen in Fig. 1, the wild yeast, Rhodotorual 
glutinis, is more sensitive to 2,4-D than other yeasts, Saccharomyces cerevisiae and 
Saccharomyces carlsbergensis. The growth of R. glutinis under the shaking culture 
was generally greater than that under static condition whether in the presence of 
2,4-D or in its absence. In Fig. 2, it is indicated that baker’s yeast is more 
sensitive to 2,4-D, if the yeast is cultivated under the shaking condition. Fig. 3 
shows that brewer’s yeast, S. carlsbergensis, is the most resistant species to 2,4-D 
among the three kinds of yeasts. 

Effects of 2,4-D on the respiration of yeasts. 

Effects of 2,4-D on the respiration of the three kinds of yeasts are shown in 
Figs. 4,5 and 6. The respiration of R. glutinis was stimulated by low concen- 
trations of 2,4-D. On the contrary, high concentrations of 2,4-D inhibited the res- 
piration. On S. cerevisiae the respiration of exogenous glucose was stimulated fairly 
by_2x10-? and 3x10-*M of 2,4-D, but only a little effect was observed at higher 
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Fig. 4. The effects of various concen- 
trations of 2,4-D on the respiration of resting 
Rhodotorula glutinis cells. Closed circles: 
respiration of glucose. Open circles: endoge- 
nous respiration. 


Fig. 3. The effects of various con- 
centrations of 2,4-D on the growth of 
Saccharomyces carlsbergensis. Solid bar: 
shaking culture. Clear bar: static culture. 
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Fig. 7. The effects of various concen- Fig. 8. The stimulatory effect of 2,4-D on 
trations of 2,4-D on the respiration of dried the respiration of resting Rhodotorula glutinis 
Saccharomyces cerevisiae cells. cells. 


concentrations. However, the endogenous respiration was not stimulated in any 
concentration tested but it was inhibited. The respiration of exogenous glucose on 
S. carlsbergensis was inhibited slightly by 2,4-D. Its endogenous respiration was 
almost unaffected. 

Effect of 2,4-D on respiration of dried yeast. 

Fig. 7 indicates the effect of 2,4-D on the respiration of dried baker’s yeast. 
The respiration was fairly inhibited by a low concentration of 2,4-D. 

Durability of stimulated respiration. 

Fig. 8 shows the durability of stimulated respiration of wild yeast, R. glutinis, 
which demonstrates that the effect of 2,4-D continued for about 10 hours. 


Discussion 


The effect: of 2,4-D on the growth of yeast used in these investigations was in- 
hibitory rather than stimulatory at any concentrations tested (from 4x10-? to 4.6 
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x10-*M). Especially, the growth of R. glutinis was inhibited greatly as compared 
with the other two kinds, S. cerevisiae and S. carlsbergensis. 

According to Johnson ef al.!.12), the respiration of Azotobacter vinelandii was in- 
hibited perfectly with 9.2x10-°M of 2,4-D. Wedding et al.‘°) reported that the re- 
spiration of Chlorella was inhibited by 5x10-‘M or higher concentrations of 2,4-D. 
Suematsu®) also observed that the respiration of Chlorella was inhibited perfectly by 
1 per cent (about 210-2 M) of 2,4-D. 

In the present study, it was indicated that the respiration of yeasts was more 
resistant to 2,4-D than are Azotobacter and Chlorella. On R. glutinis the respiratory 
activity was stimulated even by 1x10-2, 210-2 and 3x10-2M of 2,4-D, and never 
inhibited. The inhibition occurred only at 4x10-?M. Moreover, the respiration of 
S. cerevisiae and S. carlsbergensis was more resistant to 2,4-D than that of R. glutinis. 
The resistance of yeast against 2,4-D may be attributed to the non-permeability of 
cell membrane, however, further investigation is necessary for elucidation of this 
problem. There appears a relationship between respiratory activity and respiratory 
inhibition by 2,4-D in these yeasts. Those with stronger respiration seem more 
susceptible to the inhibitory action of 2,4-D in higher concentrations than the yeasts 
with lower respiratory activities. 

In relatively low concentration (4x10-*M) of 2,4-D the growth of all yeasts is 
inhibited. This effective concentration is higher than the concentration (9.2 10-3, 
5x10-* M) effective in Azotobacter as reported by Johnson":!2) and Wedding"), but is 
lower than the concentration (from 110-2 to 5x10-?M) effective in respiratory in- 
hibition. 2,4-D in 1x10-?M inhibited the growth of R. glutinis, on the other hand, 
2x10-*M of 2,4-D stimulated its respiratory activity. 

With regard to growth and respiration of yeasts, it was found that R. glutinis 
and S. cerevisiae were more sensitive to 2,4-D than S. carlsbergensis. And it was 
concluded that the growth of yeasts is more sensitive to 2,4-D than respiration is. 

An unexpected result was obtained on the effect of 2,4-D upon respiration of 
dried baker’s yeast, S. cerevisiae, in the present study. In the case of intact yeast 
the respiration of this yeast was stimulated by 2x10-? to 3x10-?M of 2,4-D. Never- 
theless, there was no stimulatory effect of the dried cells in these concentrations. 
It is considered that intact cell-structure may be necessary for the stimulation of 
respiration. 


Summary 


The effects of 2,4-D on growth and respiration of three kinds of yeasts were 
studied. “ 

The growth of R. glutinis and S. cerevisiae was more sensitive against 2,4-D 
than that of S. carlsbergensis. a 

A stimuratory effect on the respiration of R. glutinis and S. cerevisiae was 
observed in relatively high concentrations. On the contrary, the endogenous respi- 
ration of S. cerevisiae was not stimulated but inhibited. The respiration of S. 
carlsbergensis was slightly affected. 

On dried baker’s yeast, the respiration was not stimulated at all but rather it 
was inhibited. 

The respiration of intact cells of R. glutinis was stimulated for about 10 hours. 


The author is greatly indebted to Professor S$. Usami of Hokkaido University 
for his never-failing interest and support throughout the work. The author also 
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Plate I. Formation of zoospores in zoosporangia of Chorda filwm (L.) Lamour. All 
magnifications ca. x 2600. 

Fig. 1. Resting stage. Fig. 2. Later stage with reticular structure. Fig. 3. The same 
stage, showing two nucleoli in the nuclear cavity. Fig. 4. Synapsis stage. Fig. 5. Open 
spireme stage. Fig. 6. Early diakinesis. Fig. 7. Diakinesis, showing various shaped bivalent 
chromosomes. Figs. 8, 9. Late diakinesis. Figs. 10, 11. Side view of the metaphase. In 
Fig. 10, nuclear membrane is still seen. Fig. 12. Polar view of the metaphase. 
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Formation of zoospores in zoosporangia of Chorda jilum (L.) Lamour. 
magnifications ca. x 2600. 


Figs. 13, 14. Anaphase. 


All 


Fig. 15. Two daughter nuclei. 
second meiotic division. Fig. 17. Four-nucleate stage. Fig. 18. Metaphase of the third 
nuclear division. Fig. 19. Eight-nucleate stage. Fig. 20. Metaphase of the fourth nuclear 


division. Fig. 21. Sixteen-nucleate stage. Two nuclei are latent. Fig. 22. Zoospores in a 
zoosporangium, 


Fig. 16. Metaphase of the 
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5) Kylin, H., Svensk. Bot. Tidskr. 12: 1 (1918). 6) Kanda, T., Sci. Pap. Inst. Algol. Res., 
Fac. Sci. Hokkaido Imp. Univ. 2: 87 (1938). 


Summary 


1. In the first nuclear division in the zoosporangial cell of Chorda jfilum, synapsis, 
open spireme, and diakinesis stages are observed. The first and second nuclear divisions 
are meioses. 

2. The haploid chromosome number of this alga is about thirty. 

3. The centrosome is not observed, but the spindle is visible. 

4. After meiosis, two successive mitoses take place to produce 16 free nuclei. Each 
zoosporangium contains 16 haploid zoospores. 
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Short Communication 


Hideo Torokuni*: Séparation de Comastoma, genre nouveau, 
d’avec Gentianella 


BRIE: Bev SZ VY FUR 
Recu le 23 février, 1961 


La section Comastoma du genre Gentiana, créée par Wettstein en 1896, fut trans- 
férée au genre Gentianella par H. Smith, comme il examina le genre Gentiana, s.l. en 
Chine, et suivit l’opinion proposée par Schustler (1923) en 1936. En 1956, A. et D. 
Love transférérent cette section de Gentianella en Lomatogonium, tandis que Gillett 
la regarda comme un sous-genre du genre Gentianella en 1957. 

Cependant, 4 mon avis, ce groupe n’appartient ni a Gentianella ni a Lomatogo- 
nium, il représente plutét un genre a part. 

Voici une diagnose de ce genre nouveau avec quelques transferts techniques ac- 
compagnant la publication de ce genre. Des détails ultérieurs seront débattus dans 
mon travail monographique des Gentianacées japonaises. 

Comastoma Toyokuni, genus novum. 

Syn. Gentiana sect. Endotricha Froel., De Gent. 86. 1796. pro parte. Gentiana 
sect. Amarella Griseb., Gen. & Sp. Gent. 238. 1839. pro parte. Gentiana sect. 
Comastoma Wettst. in Osterr. Bot. Zeits. 46: 174. 1896. Lomatogonium sect. Coma- 
stoma (Wettst.) A. & D. Léve in Acta Hort. Gotob. 20: 117. 1956. Gentianella subg. 
Comastoma (Wettst.) Gillett in Ann. Miss. Bot. Gard. 44: 262. 1957. 

Cum generibus Gentianelle Lomatogonii-que hoc genus novum comparandum est; 
tamen, corollz fimbriatis squamis, non vasalibus fibris percurrentibus, fimbrillis 
squamarum linearibus nec filiformibus, et tribus non quinque fibris vasalibus in 
quoque corollz lobo, et duobus nectariis epipetalis, dum Gentianella unum habet. 
Corollz loborum squamis cum nectariis epipetalis non junctis, squamis et nectariis 
epipetalis longe distantioribus, fibris vasalibus in quoque corollz lobo paucis, solum 
tribus, quo numero genus novum a Lomatogonio distat. 

Flores tetrameri v. quinarii, plerumque longipedunculati, calycibus profunde 4-5- 
partitis, tubis brevissimis, corollis campanulatis v. hypocraterimorphis, apicibus 4-5- 
lobatis, ad basin loborum ornatis squamis fimbriatis et bifissis nec fibris vasalibus 
percurrentibus, fimbrillis squamellarum linearibus et vulgo obtusis, filamentis plerum- 
que minute pilosellis, stylo nullo, stigmatibus duobus brevissimis. 

Type: Comastoma tenellum (Rottb.) Toyokuni 

1. C. faleatum (Turcz.) Toyokuni, c.n.—Gentiana falcata Turcz., Cat. Baik. n. 783. 1837. 
nom. nud.; in Bull. Soc. Nat. Mosc. 15: 404. 1842. 
ite C. limprichtii (Griin.) c.n.—Gentiana Limprichtii Griin. in Fedde, Repert. 12: 308. 
3. ‘ 

3. C. nanum (Wulf.) c.n.—Gentiana nana Wulf. in Jacq., Misc. 1: LOL Geolos Lenco dioe 

4. C. pulmonarium (Turcz.) c.n.—Gentiana Pulmonaria Turcz. in Flora 1834, Beibl. 1: 19. 
nom. nud.; in Bull. Soc. Nat. Mosc. 22: 317. 1849. Subsp. arrectum (Fr.) c. et st. n.—Gentiana 
arrecta Fr. in Journ. Linn. Soc. Bot. 26: 124. 1890. Les fimbrillz de la couronne fimbriée de 
cette sous-espéce sont beaucoup plus nombreuses que celles de l’espéce typique. Subsp. sectum 
(Satake) c.n.—Gentiana Takedai var. secta Satake in Journ. Jap. Bot. 16: 423, f. 2. 1940. 


5. C. tenellum (Rottb.) c.n.—Gentiana tenella Rottb. in Kjdb. Selsk. Skrift. 10: 436, t. 2, 
f. 6. 1770. 


* Institut Botanique, Faculté des Sciences, Université d’Hokkaid6, Sapporo, Japon, 
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Ecological Studies of Sasa Communities 
I. Productive Structure of Some of the Sasa 


Communities in Japan* 


by Yasuyuki OsHiImaA** 
Received October 21, 1960 


Bamboo grasses, “Sasa” in Japanese, include the species belonging to the genera, 
Sasa, Sasamorpha, Pleioblastus, Arundinaria, etc. Most of these genera are distributed 
endemically in the Far East, e.g., Sasa is an endemic genus in Japan, Korea and 
Sakharin, Sasamorpha in Japan and Manchuria, and Pleioblastus in Japan, and many 
species are restricted to Japan where they grow almost everywhere. In the montane 
and subalpine zones they are often the dominant species of grassland, and more often 
of the undergrowth of deciduous broad-leaved forests and sometimes of subalpine 
coniferous forests. According to the 1950 year report of the Forestry Agency of 
Japan, Sasa covers areas of about 50% of the national forest land of Japan, parti- 
cularly about 90% in Hokkaido. 

They often invade into the open forest, especially in the site where the forest 
has newly been destroyed by cutting, fire or other agencies. On the other hand, they 
constitute frequently almost or utterly pure communities on the lower slopes of 
volcanoes, and maintain their dominancy for a long time by virtue of their low 
requirement to the environment and their superiority in the competition with other 
grasses and herbs, or sometimes with tree species. 

Up to the present many studies have been made concerning the geographical dis- 
tribution of Sasa species and the destruction of Sasa communities from the necessity 
of forestry, but only a few ecological and phytosociological papers have been published. 
Yoshioka!) studied mainly synecological characters of Sasa communities, clarifying the 
relationships between standing crops or culm numbers and habitat factors at Mt. 
Hakkoda in the northern Honshu. From the viewpoint of forestry Ueda and Uchi- 
mura?) studied recently relationships between culm elongation and climatic factors, 
seasonal change of reserved starches correlated with culm and rhizome growth, and 
the effective stage for weeding of Pleioblastus pubescens from the forest ground. 

These studies have provided us much information and suggestions on the relation 
between the growth of Sasa and the environmental factors. However, they were 
rather descriptive and the information on the mechanism of the stability of their 
dominancy was very little. In order to elucidate this problem, the author has made 
an attempt to analyze the growth of Sasa and Sasa community with different domi- 
nant species under field conditions on the basis of dry matter production which was 
introduced by Boysen Jensen*) and on which many precise studies‘-!*) have been 
carried out recently in respect to the growth of plant communities. 


* A part of expense of this study was supported by a Grant-in-Aid from the Research Fund 


of the Ministry of Education. 
** Department of Biology, Faculty of Science, Tokyo Metropolitan University, Setagaya, 


Tokyo, Japan. 


200 Bot. Mag. Tokyo Vol. 74 


In the present paper, closed Sasa communities of various localities will be dis- 
cussed about their standing crop, productive structure, leaf area index, and the light 
condition in the communities in summer when a maximum matter production is ex- 
pected, together with the description of environmental factors of the stations. 


Description on the Environmental Factors of the Stations 


1. Location and sketch of the vegetation 

Station A: Mt. Kirigamine is a dead volcano with gentle slopes, situated in 
Nagano Prefecture. The upland meadow of vast area consisting of grasses and herbs 
develops over the greater part of the mountain, and communities dominated by Sasa 
nipponica are seen in many places of the grassland. The station was settled at 
Tomezuka about 1700 m. in altitude, the southern part of the grassland, in an almost 
pure community of S. nipponica. 

Station B: Mugikusa Pass (2150 m. above the sea level) is situated between Mt. 
Maruyama and Mt. Chausu in the northern part of the dead volcanoes Yatsugatake 
in Nagano Prefecture, 16 km. SE from Mt. Kirigamine. There grows Sasa nikkoensis 
in the subalpine grassland surrounded by subalpine coniferous forests of Abies Veitchit, 
A. Mariesii and Tsuga diversifolia, and also on the forest ground forming a dense 
community. 

Station C: Ozegahara is situated at about 1400m. in altitude, 150km. N from 
Tokyo, and surrounded by dead volcanoes of 2000-2350 m. high. It is known as one 
of the typical high moors in Japan. Deciduous forests of Fagus crenata and Quercus 
crispura cover the mountainsides surrounding the moor. S. kurilensis and S. oseana 
dominate in the shrub strata of the forest?°.*!), and moreover, the latter species invades 
either in the environs of the moor or on the side of streams running through the moor. 
The sampling station was selected in the dense community of S. oseana under the 
Ulmus Davidiana and Betula platyphylla var. japonica®®-**) near the River Nujiri. 

Station D: Mt. Waisuhorun (1046 m, above the sea level) is a mountain of the 
Niseko dormant volcano group, Hokkaido, the highest peak (1309 m.) of which is Mt. 
Nisekoannupuri situated at a distance of 60km. W from Sapporo. The upper parts 
of these mountains higher than 400m. are almost covered by pure communities of S. 
kurilensis (in wide sense) 2.5-3.5m. high, and open birch forests are dotted in these 
communities. The Sasa communities here seem to be a stable vegetation caused by 
the past overcutting or fire of forests. The station was selected on the north-east 
slope from 500 to 800m. in altitude. 


2. Climate 


Station A and B: The air temperatures at Tomezuka and Mugikusa have been 
calculated from the meteorological data at Mt. Kurumayama (1929 m. in altitude) us- 
ing a lapse rate of 0.71°/100 m.**) (Table 1). As to temperature factors the former 
Closely resembles Kushiro in Hokkaido (42°59’N: min. temp. —7.1 im jatis tian 
temp. 18.3° in Aug., mean ann. temp. 5.2°), and the latter is a little higher than 
Poronaisk in Sakhalin (49° 12’ N; min. temp. —17.5° in Jan., max. temp. 15.9° in Aug., 
mean ann. temp. 0.0°). Precipitations at both stations seem to resemble those at 
Mt. Kurumayama because of close distance among them (Table 2). The mean dura- 
tion of snow season is four months from the middle of December till the middle of 
April, and the mean maximum snow depth in midwinter may be about 1 m., but this 
figure must fluctuate to some extent. : T 
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Table 1. Mean air temperatures at Station A, B, C and D, which were calculated from 
the meteorological data at observatories near the stations (see Fig. 1 and the text). 

| | 
Kuruma- ; ; ina- 
yama [Station A Station B seapeee Hea | Station C | Kutchan Station D 
(1944-46) ENE ater] Mugikusa (1951-55) (1951-55) Ozegahara | (1955-59) Waisuhorun 
ANE | 1995 mn. | 700m. | a ard ape aa on : 
rade m. | m. 2150 m. 530 m. | 580m. | 1400m. 176m. | 500m. | 800m. 
} I P 
Jan. | —10.5° | —8.9° —12.1° || —3.1° | —0:8° | -—6.4° —6.4° | —8.2°|} —9.8° 
Feb. | —10.7 —9.1 —12.3 —3.0 —0.3 —6.3 —5.4 —7.2 —8.8 
Mar —6.3 —4,.7 —7.3 —1.9 3.9 —1.8 —2.3 —4,1 —5.7 
Apr. 0.9 2.5 —0.7 7.9 9.7 a hadleovai® 2.1 0.5 
May 5.8 thet! 4.2 14.8 15d 10.2 10.4 8.6 1i30) 
Jun bie 12.9 9.7 18.3 18.2 13.5 14.2 | 12.4 10.8 
Jul. 14.4 16.0 12.8 2203 2242 17.5 19:3 17.5 15.9 
Aug. 15.7 17.3 14.1 23k7 23.9 19.1 19.9 18.1 16.5 
‘Sep. 11.6 SEZ 10.0 18.9 19.2 14.3 15a2iq mer 11.8 
Oct. 6.35) 001.0 4.7 12-7 13.8 Boo ie O12) of Ted 5.8 
Nov O50) 2.) —1.1 5.2 7.6 % Wi 82.04) £08 P14 
Dec. | —8.6 | —7.0 | —10.2 0.3 g15%) Lgl eqecligy Gprinais'>| de .4 
Ann. ° ° ° ° y ° ae . | ae ° | 4 ° 
dean 255) Sail 0.9 10.0 11.3 5.9 | 6.4 | 4.6 3.0 
Table 2. Average precipitations at the meteorological observatories near the stations. 
Kurumayama Yamaguchi Minakami Kutchan 
(1945-47) (1951-55) (1951-55) (1955-59) 
(for Sts. A, B) (for St. C) (for St. D) 
Jan. 23 mm. 179 mm. 147 mm. 213 mm. 
Feb. 59 116 107 121 
Mar. 89 86 97 119 
Apr. 130 79 118 104 
May 136 105 152 61 
Jun. 194 157 232 70 
Jul. 240 179 233 109 
Aug. 167 179 196 nly 
Sep. 179 122 197 146 
Oct. 283 120 139 156 
Nov. 88 144 127 176 
Dec. 99 168 96 226 
Ann. 1683 mm. 1634 mm. 1841 mm. 1675 mm. 


Station C: The air temperature at Ozegahara was calculated from the mean value 
of the data at two nursery gardens which are attached respectively to Yamaguchi 
(37° 13’ N; 530m. in altitude, about 40km. NE from Ozegahara) and Minakami Dis- 
trict Forestry Office (36° 47’ N; 580m. in altitude, about 30km. SW from Ozegahara), 
using the mean lapse rate of 0.55°/100 m.**) (Table 1 and 3). 
closely resemble those of Abashiri in Hokkaido (44° 01’ N; min. temp. —7.3° in Feb., 
max. temp. 19.9° in Aug., mean ann. temp. 5.8°). 


The temperatures here 


Ozegahara may be almost the 
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same or somewhat higher in precipitation than Yamaguchi, because of the heavy 
snowfall in winter well known in the coastal region of the Japan Sea of Honshu. 
The maximum snow depth is about 4m. In the middle of November it begins to snow,. 
and thaws at the beginning or middle of May. 

Station D: The air temperatures of plots at 500 and 800m. in altitude of Mt. 
Waisuhorun have been calculated using the data of Kutchan Meteorological Station. 
(42° 54’N; 175.6m. in altitude, about 12km. E from Mt. Waisuhorun) with the lapse 
rate of 0.55°/100m. The temperatures here closely resemble those of Korsakov in 
Sakharin (46° 39’ N; min. temp. —11.2° in Jan., max. temp. 17.2° in Aug., mean 
temp. 3.0°). Precipitation at Mt. Waisuhorun seems to be the same or somewhat 
higher than that of Kutchan, and the maximum snow depth is assumed to be 4-5 m. 
In the middle of November it begins to snow, and thaws at the middle or end of 
May. 

The temperatures of these four stations appear to be the typical ones at the 
boundary of the cool temperate and the subarctic zones in Japan. The precipita- 
tions are also to be more or less similar, and may be enough or sometimes too much. 
for the optimum plant growth under such low temperatures. 


3. Soils 


The chemical analyses of the soil were performed by the following treatments. 
The micro-Kjeldahl method was adopted for the determination of total nitrogen. 
Water-soluble elements in 10g. of the air-dried soil were extracted with 50 ml. of 
Morgan’s solution?*) for 30 min. under shaking conditions. Nitrates and ammonium. 


Table 3. A comparison between observed and calculated air temperatures. The calculated 
values were obtained using mean lapse rate of 0.55°/100 m., for Ozegahara from 
the data observed at Yamaguchi and Minakami, and for Mt. Waisuhorun 
from those at Kutchan. 
I. Station C (Ozegahara, 1450 m. in altitude) 


Monthly maximum Monthly minimum 
Observed* | Calculated Observed* | Calculated 
Jul. 1950 25.0° Zone 13Soe Sele 
Aug. 1950 24.8 24.2 13.8 14.1 


* cited from Daigo and Maruyama®) 


II. Station D (Waisuhorun, 550m. in altitude) 


Daily maximum : Daily minimum 
Observed Calculated Observed Calculated 
Apr. 12, 1959 4.8° 4.8° —2.0° —1.8° 
Apr. 13 0.5 0.2 —2.7 —2.6 
son. oes 12.0 11.9 9.5 9.6 
Jun. 3 11.2 LP 7.9 8.0 
Aug. 8 23.8 24.0 12.1 11.6 
Aug. 9 21.5 21.8 i 10.9 
Oct. 11 clo 12.6 SHO 3.4 
Octr 12 12.7 1227 8.3 8.4 
Oct. 13 15.8 15.8 4.0 3.9 
ee aS eet ee eo a A gp 90 OF rete 
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nitrogen in the soil extract were determined by the diphenylamine method and the 
Nessler method, and for the measurements of total phosphorus and of calcium the 
ammonium-molybdate method and the calcium oxalate method were used, respectively. 

Station A (Tomezuka): Under a litter layer about 7 cm. deep lies the A-horizon 
of a well weathered black loam of 60-80 cm. depth originated from volcanic deposits. 
Under this, there exists a layer of reddish brown clay 
loam of B-horizon. The roots and rhizomes of Sasa is 
Mainly restricted within the A-horizon. Some of the 
results of chemical analyses of the A-horizon are shown 
in Table 4. It is clear that the soil is rich in humus, 
but is rather deficient in calcium and other available 
nutritional elements. 

Station C (Ozegahara): The greater part of Ozega- 
hara is covered with thick peat layers. There is, how- 
ever, no pear layer on the forest ground along the streams 
running through the moor. The A-horizon of the forest 
soil on the streamside of the River Nujiri is a dark brown 
clay loam of about 7cm. depth, and the B-horizon is 
a brown silt loam 60-70 cm. deep**.2”), but sometimes it 
is pure sandy soil containing gravels. 

Station D (Waisuhorun): The A-horizon consists Fig. 1. Geographical loca- 
chiefly of black or blackish brown loam about 35cm. tions of four stations. Station 
thick, and the distribution of rhizomes of Sasa is almost A: Tomezuka, Mt. Kiriga- 
limited to the A-horizon. The B-horizon is a layer of mine. Station B: Mugikusa 
wet clay loam reddish brown. As shown in Table 4, the Pass, Mt. Yatsugatake. Sta- 
A-horizon is rich in available nutritional elements, ac- tion C: Ozegahara. Station 
cumulating exchangeable calcium in a large amount in D: Mt. Waisuhorun. 
its surface layer. 


Table 4. Chemical characteristics of the soils at Tomezuka and Mt. Waisuhorun. 


Sampling Ignition | -potai-N(%s)) NH,-N —_- NO,-N Ca Total-P 
depth loss otal-N(%) 4 3 : ; ; 
(cm.) (% of d.w.) (air-dried) (mg. per 100g. air dried soil) 
St. A Sey 45.8 1.18 4.1 0.00 39.4 0.57 
Tomezuka 18-20 44,7 1.06 4.1 0.08 25.6 0.59 
— 47.2 1-23 37.5 1.62 123.3 1.84 
St. D 7-10 30.7 0.84 20.0 1.28 76.8 0.60 
Waisuhorun 15-20 20.4 0.54 8.0 0.79 51.3 1.54 
25-30 19.8 0.49 6.8 0.46 6.1 1.25 


General Pattern of Reproduction and Estimation of Culm Ages 


Sasa, evergreen perennial plant, does not reproduce generally by means of seeds 
which are rarely formed, but vegetatively by sprouting from rhizomes. The forma- 
tion of buds occurs annually at the nodes of subterranean part of parent culms and 
of young rhizomes, and new culms develop on some of the rhizomes and new rhizomes 
develop on old rhizomes after dormant state for several years. Under field condi- 
tions mentioned above, the bud often sprouts out in a fairly distant place from the 
parent bush about a month after thawing of snow, and then new leaves develop. 
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Together with the growth of bud into a culm, the new rhizome continues to de- 
velop till November. In several years a few bush is completed by sprouting of buds. 
which were mainly formed at the nodes around the culum. 

The life span of a culm varies with species and environmental conditions. How- 
ever, since the culm branches only once a year, we CaM assess the age of culm by 
the number of branching as illustrated in Fig. 2, though the estimation more than 4 
years is not always easy because of the irregular branching occurring sometimes. 


Fig. 2. Landscape of a closed 
community of Sasa kurilensis at 
Mt. Waisuhorun in southern Hok- 
kaido (St. D). The height of the 
community is about 3m. 


The Standing Crop in Each Stand 


Standing crop is an important amount for the estimation of growth of community 
under different environmental conditions and for the growth analysis of the com- 
munity on the basis of dry matter production. 

‘ In order to decide the quadrat size to keep the sampling error under 10%, belt. 
Laan jem “" were settled in the pure community of Sasa at each station 
ing on the results, a. quadrat size of 50x50 cm.2 was employed. f i ; 

. or Stations A, B, 

and. C, and of 200x200cm:? for Station D. Hi eg 
+ The plicit of standing crop was made in the following ways. The leaves, 
s a es Shier ase parts of the whole Sasa plants within a quadrat were weighed 
e fresh weight. Subsamples of each organ were measured in their dry weight 
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after drying up at 80° to estimate the standing crop in dry weight. The number of 
culms was also determined separately in their ages. In some cases, the weight of 
subterranean part was estimated from the ratio of the subterranean part to the aerial 
part, which is directly determined at the same station. - 

In Table 5, standing crops in summer including the subterranean part are given. 
The standing crops somewhat differ with stations. The smallest of ca. 1.4kg./m.? 
was found at Mt. Kirigamine (Station A—Tomezuka) and the largest of 11.5kg./m.? 
at Mt. Waisuhorum (Station D). These values were compared with standing crops of 
herb or grass communities in the montane grassland, lowland meadow and altherbosa 
in Japan*.!>.??.28-82) Total dry weights at Stations A, B, and C resemble approxi- 
mately those of the herb communities reported. On the contrary, the standing.crop 
of Sasa kurilensis community at Station D is about twice as much as that of a Cir- 
cium nipponicum community at Ozegahara which is one of the largest values obtained 
in herb communities in Japan?*), and is about the same or somewhat larger in com- 
parison with the standing crop of the community of the same Sasa species of Mt. 
Hakkoda reported by Yoshioka’). 

Large standing crops of Sasa communities depend chiefly on the huge amount of 
non-photosynthetic system, i.e. culms and rhizomes. The average life span of culms 
of S. nipponica at Station A is about two years, and that of S. kurilensis at Station D 
is 9.2 years. The interrelationships among the 
standing crop, the height of community and the 
longevity of culms at each station are illustrated 
in Fig. 3. The standing crop increases in propor- 
tion to the longevity of culms and the height of 
community, and decreases with decrease of popula- 
tion density (Table 5). 

In spite of remarkable differences in standing 
crops among the four stations, there is recognized 
no marked difference in the weight of leaves per 
unit land area. Therefore, the ratio between non- 
photosynthetic and photosynthetic systems (C/F 
ratio after Iwaki'‘)) becomes larger with increase 
of standing crop (Table 5). This fact suggests 
that the fairly similar annual gross production 
may be expected in the Sasa communities with 
different dominant species. 


Fig. 3. Schematic figures showing 
the pattern of vegetative reproduction 
of Sasa kurilensis. Above: the aerial 
part. Below: the subterranean part. 
Numerals show the age classes, e.g. 


Productive Structure of Sasa Communities 


The growth rate of a plant community is 


naturally determined by the balance between the 
rates of anabolism and catabolism and moreover 
by the rate of shedding; these three rates are 
modified largely by the structure of the com- 
munity, such as the vertical distribution of leaves, 
etc.*,*1,52), and environmental conditions. 


O: the organs of the current year, 1: 
the organs 1 year old, —1: the organs. 
that will come out in the next year. 
The age of a culm is indicated by 


the maximum number of branching. 


Accordingly, the growth of a plant com- 


munity must be analysed as to structural and functional aspects of the community. 
Here the study of productive structure advanced by Monsi and Saeki‘) is quite use- 
ful. . 
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Fig. 4. Interrelationships between 
the standing crop per m.?, the 
height of community, and the aver- 
age life span of culms. A: Sasa 
nipponica (St. A, Tomezuka), B: S. 
nikkoensis (St. B, Mugikusa), D: S. 
kurilensis (St. D, Waisuhorun), E: 
S. paniculata (St. D, Waisuhorun 
300 m. in altitude) 
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Fig. 5. Productive structure and relative li 
Photosynthetic system (f) consists of laminae; 
sheaths, culms, etc. (fresh weight per 50 cm.2), 
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Representatives of the productive structures of 
Sasa communities of the four stations are illustrated 
in Fig. 5 after the stratifying clip method‘). Rela- 
tive light intensities in the communities are meas- 
ured by the same method as reported in Hogetsu 
et al.!*). The leaf area index, the total area of leaf 
surface per unit area of land surface, was calculated 
from the data of leaf dry weight in g. of 1m.? 
stand and of leaf area in cm.? of 1g. dry weight of 
leaf (see Tables 5 and 6). Similar patterns of verti- 
cal distribution of leaves are found throughout these 
4 diagrams irrespective of the difference in dominant 
species and localities, and they resemble well those 
of many terrestrial plant communities already re- 
ported‘,5.8.9, 12,18, 15, 16,18, 19,28, 26, 81—85) 

Quantitative distribution in vertical direction of 
leaves determines the light intensities which have 
a direct influence on dry matter production of the 
plant community‘). Light intensity J in a homo- 
geneous community is reported by the formula‘): 
I=Ie-*¥, where J, is the intitial light intensity, F 


200g 400 


ght intensity in the Sasa community. 
non-photosynthetic system (c) of leaf 
Black polygons mean the yellowing 


leaves. A: Sasa nipponica (St. A, Tomezuka), B: S. nikkoensis (St. B, Mugikusa) 


C: S. oseana (St. C, Ozegahara), 


D: S. kurilensis (St. D, Waisuhorun). See Table 5. 
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Table 5. Fresh and dry weight of whole plant, leaves, culms and subterranean 
parts per 1m.2 of Sasa communities at four stations in summer. 
C/F-ratio=leaves (culms+subterranean parts) (in dry waight) 


Station | A. Tomezuka | B. Mugikusa C. Ozegahara | D. Waisuhorun 
Species S. nipponica S. nikkoensis | S. oseana |S. kurilensis 
Sampling No. pe ee ee eC oe | at | To 
: Jul. 14 Aug. 27) Aug. 13 Aug. 13 Jul. 10, Aug. 6 | Aug. 8 Aug. 15 
sampling, date 1957 | 1957 | 1957 | 1957 | 1951 | 1951 | 1959 | 1959 
Height (cm.) | 95 88 115 120 | 120 120 330 325 
No. of culms 354 424 248 272 _ 216 28 Path 
Leaves (g./m.?) | | g 2) | 
Fresh. weight 664 617 729 693 711 561 915 874 
Dry weight | 276 256 330 318 317 250 475 456 
Culms (g./m.?) | 
Fresh weight 1474 1194 3456 3371 3288 2392 13318 | 12448 
Dry weight 605 490 1572 1574 1588 1158 7791 7282 
Subterranean part (g./m.?) 
Fresh weight | 1885 1540 3683 3576 3469 | 2594 10060 9340 
Dry weight | 820 662 1326 1287 1313, || 974 3210 2984 
Total (g./m.?) 
Fresh weight | 4023 3351 =| 7868 7640 7468 | 5547 24293 | 22660 
Dry weight | 1701 1408 3228 3179 3218 2382 11476 | 10722 
C/F-ratio aged 4.5 8.8 | 9.0 9.2 Ge 2372 2220 


Table 6. Leaf area in cm.? per g. dry weight, light transmissibility of a leaf, leaf 
area index (Ff'), and extinction coefficient (K) of Sasa species. 


Species Sampling No. Leaf area Transmissibility | F K 
S. nipponica — ae | ee 8.5- 9.8% ra 0:72 
S. nikkoensis Se | pe 9.0-10.1 me His 
Sa desneainaio. seid id febhose setter tO68 ai | 0190 
S. kurilensis ie ) 8.8- 9.9 Sr nie 


is the leaf area index, and K, the extinction coefficient. 

The leaf area index in each stand fell in a narrow range of 4.5-5.4, except the 
slightly small value of 4.1 of a Sasa oseana community under an open deciduous 
broad-leaved forest at Station C-2. The extinction coefficient determined after the 
equation was 0.2-0.9 (see Table 6). The summer values, leaf area index 3.6-4.9, 
extinction coefficient 0.78, have already been reported for the community of S. nip- 
ponica on Mt. Kirigamine‘). The light transmissibility of a leaf is also one of the 
determinants for the extinction coefficient’). The observed values in Sasa species 
were nearly 10% (cf. Table 6). 


Light Intensity in Sasa Communities 


Light intensities within a plant community, which are determined by the amount 
of leaves distributed above, play an important role in the fate of seedlings of various 
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species invading the community. The light factor in Sasa communities has a deci- 
sive influence upon the competition between Sasa and other plants, and consequently 
upon the continuity of the dominancy of Sasa itself. The relative light intensities 
in Sasa communities, which were calculated by the equation with the values obtained 
of F and K should be 0.8-4.3% at the ground level homogeneously. In reality, how- 
ever, the light intensities do not weaken homogeneously within a community. There 
are several sun flecks even under the most closed Sasa community. The frequency 
of sun flecks in the shade of communities where the light intensities are in general 
near the light minimum of seedlings, can influence upon their fate and consequently 
the development of the community. oa 
The frequency distribution of light intensities under the Sasa communities was 
investigated at Stations A, B, and D, 
and under a S. oseana community be- 
low a forest of Fagus crenata and 
Quercus crispula near Station C®). 
The investigated area was 30m.’ in 
each station. The area was divided 
into 1m.? quadrats, and in every 
quadrat the relative light intensity on 
the ground was measured with a photo- 
cell at a point appointed by random 
numbers. The results obtained are 
illustrated in Fig. 6. 
Relative light intensity These frequency curves are more 
Fig. 6. Frequency curves of light intensity in the or less the same, and the frequency 
Sasa community. A: Sasa nipponica (St. A, Tome- of relative light intensities lower than 
zuka), B’: S. nikkoensis (St. B, Mugikusa), C’: S. 59 is 97-100%. Under such low light 
oseana (St. C, Ozegahara; under a forest of Fagus conditions, it is probable that the dry 
crenata-Quercus crispula near St. C.) and D: S. matter production of seedlings of many 
hur sopiage (Sts: Dg Waisubor i), species should be negative judging 


Frequency (%) 


from the result of a previous work‘). 

Such worse light conditions against seedling growth in the Sasa community seem 
to stay throughout the year, except for the snow season, due to the persistent ever- 
green leaves and elastic culms of Sasa. In winter, leaves and culms are buried 
under snow, being protected against the low temperature and severe dryness. With 
the progress of thawing in the spring, the rapid recovery into the former status of 
the community structure is made possible by the strong elasticity of culms. These 
characters must bring about the stability to the Sasa community in the plant succes- 


sion. The detailed discussion on this problem concerning the function of community 
will be presented in other paper. 


Summary 


Many species of “ Sasa” (bamboo grasses) are distributed endemically in Japan.. 
They often constitute the characteristic grassland communities or the shrub strata of 
open forests in montane and subalpine zones (or cool temperate or subarctic zones). 
This study was carried out on closed communities of different dominant Sasa species. 
at four stations of the central Honshu and of Hokkaido. 


1. Descriptions as to temperatures, precipitations and soil conditions were given. 
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as the basis of further discussion of Sasa communities. 

2. The characteristics of the communities were investigated by the stratifying 
clip method in the weight of leaves, culms, subterranean parts and of entire plants, 
the height of community, the number of culms, the productive structure, the leaf 
area index, etc. 

3. Among the communities with different dominant species and different locali- 
ties, marked differences were realized in standing crop, height of community, longev- 
ity of culms, and number of culms. The standing crop increased with longevity of 
culms and height of community, and it is similar to or larger than the standing crop 
of other herb communities. 

_ 4, The amount and vertical distribution pattern of leaves of these Sasa com- 
munities were more or less the same. The leaf area index was 4.5-5.4, the extinc- 
tion coefficient of light in the community, 0.7-0.9, and the light transmissibility of 
a leaf was about 10%. 

5. On the ground surface of these Sasa communities, there prevailed extremely 
low light intensities with small deviation, enough to be fatal against seedlings of 
many species. 


The author wishes to express his thanks to Prof. K. Hogetsu of Tokyo Metro- 
politan University and Prof. M. Monsi of the University of Tokyo for helpful sugges- 
tion and valuable advice. The author’s deep gratitude is also due to Mr. Matsuoka 
and Mr. Tonouchi for kind help during the field survey of Station D. 
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Entwicklungsgeschichtliche Untersuchungen an den Characeen 


I. Nitella inokasiraensis 


von Naohiko IwASAKI* 


Hingegangen am 28. Oktober, 1960 


Die Characeen sind dafiir bekannt, da8 ihre Hauptachse aus langen einzelliger 
Internodien und mehrzelligen Knoten bestehen. Die Knoten, die den radiirweise- 
ausgewachsenen Seitenorganen zugeordnet sind, wechseln mit den Internodien ab. 
Solche Beziehung zwischen beiden findet sich auch an den Blattern, den Seitensprossen. 
und den Oogonien. 

Die Characeen-Pflanzen wurden schon von zahlreichen Autoren an den verschie- 
denen Arten morphologisch und zytologisch untersucht. Diese Forscher sind Sachs‘), 
Giesenhagen?), Ernst*.”), Kuczewski’), Goebel®-!!), Bessenich!”), Drew’), Walther"*),. 
Sundaralingam") u.a. Sie widmeten sich den Untersuchungen der Zellteilung und. 
der Fortpflanzungsorgane, infolgedessen gaben sie uns Einzelheiten der entwicklungs- 
geschichtlichen Morphologie an einzelnen Arten. Dabei handelte es sich um die 
strenge RegelmaBigkeit der Beziehungen zwischen den Zellen. 

Die typischen Arten jeder Gruppe wahlte ich aus den Characeen Japans aus, um. 
die Entwicklungsgeschichte des Vegetationspunktes und der Geschlechtsorgane ana- 
tomisch-entwicklungsgeschichtlich zu untersuchen. 

Die kleine Gruppe der Monoarthrodactylae, zu denen Nitella inokasiraensis gehort,. 
hat die morphologische Eigenschaft, daB die Blatter meist zu sechs im Quirl ange- 
ordnet sind, wobei sie oft noch zwei Seitenblattchen, manchmal auch noch zwei 
Seitensprosse hat!*), Fiir die Monoarthrodactylae wurden folgende Arten schon ana- 
tomisch oder entwicklungsgeschichtlich erklart: Sachs!) schrieb tiber den Vegeta- 
tionspunkt und die beiden Geschlechtsorgane von Mitella flexilis; Giesenhagen*), iiber 
den Bau der SproBknoten von N. syncarpa; Ernst*), tiber die Mi®bildungen der 
Oogonien von N. syncarpa; Drew"), iiber das Blatt und den adventiven Spro8 von. 
N. opaca; und schlieBlich Walther"), tiber die Entwicklung der Geschlechtsorgane 
und andere zytologische Fragen von N. syncarpa. 


Material und Methode. 


Nitella inokasiraensis wurde im Frihling des Jahres 1958 aus einem kleinen Bach,. 
der aus dem Teich des Inokasira-Parkplatzes in Tokyo strémt, gesammelt. Das Mate- 
rial wurde mit dem Formalin-Alkohol-Essigsduregemisch fixiert, nach der tblichen. 
Weise durch Butanol als Intermedium in Paraffin tibergefiihrt. Die Schnittdicke betrug. 
10. Das Praparat wurde mit Delafields Hamatoxylin gefarbt. 


Entwicklung des Hauptsprosses. 


Wie es bei anderen Characeen-Pflanzen der Fall ist, hat Nitella inokasiraensis- 
auch die Eigenart, da8 an ihrer Hauptachse die Knoten und Internodien miteinander 
abwechseln. Der Spro8 stellt ein unbegrenztes Spitzenwachstum dar. Der Vegeta- 


* Biologisches Institut der Stadtischen Universitat zu Tokyo, Tokyo, Japan. 
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tionspunkt ist eine halbkugelformige Scheitelzelle (Abb. 1a). Nach der Langsstreckung 
teilt sich die Scheitelzelle durch eine horizontale Wand in eine neue Scheitelzelle und 
eine daruntergelegene scheibenformige Zelle, die nach Giesenhagen*) die Gliederzelle 


Abb. la-c. Mediane Langsschnitte der Spro3spitze bei Nitella inokasiraensis in 
drei aufeinanderfolgenden Entwicklungsstadien. bz, Basalzelle des Blattes; G, Gliederzelle 
des Hauptsprosses; g, Gliederzelle des Blattes; I, Internodium des Hauptsprosses; i, 
Internodium des Blattes; K, Knoten des Hauptsprosses; k, Knoten des Blattes; P, peri- 
pherische Zelle des SproSknotens; p, peripherische Zelle des Blattknotens; sb, Urzelle 
des Seitenblattchens: sv, Scheitel des Seitensprosses; V, Scheitelzelle des Hauptsprosses; 
v, Scheitelzelle des Blattes. 


ist (Abb. 1b). Bevor die neue Scheitelzelle zur urspriinglichen GréBe heranwachst und 
sich zu teilen beginnt, erfolgt eine horizontale Teilung in der Gliederzelle, dadurch 
die zwei iibereinanderliegenden Zellen hervorgebracht werden. Die Teilungswand 
wolbt sich nach oben etwas hervor. Die 
obere Zelle, die konkav-linsenférmig ist, ist 
die Urzelle des SproBknotens, und die un-- 
tere bikonvex-linsenférmige Zelle wird 
direkt zum Internodium, ohne sich weiter 
zu teilen (Abb. 1c). Diese Internodialzelle 
streckt sich auBergewohnlicherweise in die 
Lange. Die Urzelle des Knotens erfahrt 
eine Reihe von gesetzmaRBigen Teilungen, 
dadurch die Anlagen der Blatter, der 
Seitensprosse und der  Seitenblattchen 
entstehen. 
Die Knotenzelle teilt sich langsweise in 
ihrer Mitte in zwei nebeneinanderliegende 
Abb. 2a-e. Querschnitte junger SproBkno- gleichgroBe Zellen, die von Giesenhagen®) 
ten von Nitella inokasiraensis in verschiedenen Halbierungszellen genannt wurden (Abb. 
Stadien der Zerlegung in die peripherischen 2a). Die zweite Langsteilung, die die 


Zellen und die beiden Zentralzellen. [-VJ. : 
siete *’ erste” "senkrech 
peripherische Zellen; cl, cr, Linke und rechte Pear” ebeuzts aa folet anaes 


Si iasiaks Halbierungszellen, so daB vier gleichmaBige 

Zellen erzeugt werden (Abb. 2b). Unter 
denen ist die Zelle unten rechts die erste peripherische Zelle und die Zelle unten 
links die zweite*). Aus den anderen Zellen gehen noch vier peripherische Zellen und 
zwei Zentralzellen hervor. Die dritte peripherische Zelle tritt in der rechten Seite 
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als ein kleines Stiick neben der ersten peripherischen Zelle auf, welches von oben 
gesehen, wie eine facherformige Zelle aussieht (Abb. 2c). Ein wenig spater bildet sich 
die vierte peripherische Zelle auf der linken Seite, die gegen die dritte symmetrisch 
liegt (Abb. 2d). Die fiinfte wird zwischen der dritten und der Halbierungswand 
angelegt, und die sechste zwischen der vierten und der fiinften (Abb. 2e). Infolgedessen 
umschlieBt der Ring der sechs peripherischen Zellen zwei Zentralzellen, die noch 
weiter teilungsfahig sind. 


Entwicklung der Blatter. 


Die dritte bis sechste peripherische Zellen sind kleiner als die erste und zweite. 
Jede dieser vier peripherischen Zellen woélbt sich zuerst nach oben schrag, dann 
schneidet sie eine Basalzelle nach unten durch eine zum Umfang des Knotens parallele 
Wand ab (Abb. 4A). Die oben gelegene Zelle ist die Anlage des Blattes; sie ist in ihrer 
Teilung der Scheitelzelle des Hauptsprosses ahnlich. Zuerst trennt sie unterwarts 
eine Gliederzelle, welche dann sich in eine Knoten- und eine Internodialzelle teilt 
(Abb. 1b). Der Scheitel selbst streckt sich, ohne sich weiter zu teilen, lduft spitz zu 
und wird danach direkt zu einem Blattendglied. 

Die Knotenzelle des Blattes unterscheidet sich von dieser des Hauptsprosses darin, 
daB sie kleiner als die letztere ist, und da®B sie direkt ihre peripherischen Zellen ab- 
schneidet, ohne sich in Halbierungszellen teilend. Die erste peripherische Zelle trennt 
sich von der Knotenzelle auf der dem Hauptsprosse zugekehrten Seite mit einer nach 
innen gewodlbten Wand ab (Abb. 3a, 1-1). Nach der Trennung wiachst die erste 
peripherische Zelle nach oben schrag, 
spitzt sich und wird zu einem Blattend- 
glied. Die folgenden vier peripherischen y : S> ES 
Zellen scheiden sich von der Knotenzelle © a Sat 
wechselnd links und rechts, und gleich- a as J PS Cy) 
zeitig abaxialwarts ab, so daf3 eine Zent- 50m m1 c 
ralzelle von fiinf peripherischen Zellen in a 


der Mitte eingeschlossen wird (Abb. 3b, = Abb. 3a-c. Querschnitte junger Blattknoten 
c). Die Zentralzelle ist noch weiter von Nitella inokasiraensis. I-V, peripherische 
teilungsfahig. Zellen des Blattes. 


Die erste und zweite peripherische 
Zelle, und unter Umstanden auch die dritte, werden zu den Blattendglieder. Also, 
einschlieBlich des mittleren Blattendgliedes stehen immer drei oder vier Blattend- 
glieder auf einem Blattknoten. Die zuriickbleibenden peripherischen Zellen, d.h. die 
vierte und fiinfte, eventuell die dritte, strecken sich nicht, sondern teilen sich in 
einige kleine Zellen, die danach den Blattknoten mit den Zentralzellen gestalten. 


Entwicklung der Basalzelle der Blatter. 


Die Basalzelle der dritten bis sechsten Blatter teilt sich in gleicher Weise, indessen 
gibt es dabei verschiedene Abweichungen. Zuerst tritt eine Querwand auf, die senk- 
recht zur Langsachse der Zelle liegt. Die zwei iibereinanderliegenden Zellen sind 
ungefahr von gleicher GréBe. Dann werden die beiden Zellen durch eine mediane 
Langswand in je zwei gleichwertige Zellen geteilt. Bis zu diesem Stadium ist die 
Teilung bei den vier Basalzellen gleich. Weitere Teilungen verlaufen ohne besondere 
RegelmaBigkeiten. In den Basalzellen eines erwachsenen Spro8knotens finden sich 
manchmal viele kleine Zellen. Unter den giinstigen Bedingungen entstehen aus diesen 
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Zellen adventive Sprosse auf der adaxialen Seiten der Blattbasis und Rhizoiden auf 
den ad- und abaxialen Seiten. 


Entwicklung der ersten und zweiten peripherischen 
Zellen sowie Entstehung des Seitensprosses. 


Die erste und zweite peripherische Zellen, die im weiteren Verlauf der Zellteilung 
von den anderen abweichen, entwickeln sich den anderen vorangehend. Aus den. 
beiden ersteren Zellen kommen zwei Blatter, zwei Seitensprosse und zwei Seiten- 
blattchen vor. 


é : : - Rar : 
a 3 Se 4 USER Ua 


Abb. 4. Nitella inokasiraensis. A, Querschnitt des Spro8knotens. B, C, Mediane Liangs.-. 
schnitte durch die Anlage eines Seitensprosses bzw. eines Seitenblattchens am Spro8knoten. 1-1,. 


2-2 ,reee- , aufeinanderfolgende Teilungswande; bz, Basalzelle des Blattes; sb, Urzelle des Sei-. 
tenblattchens; sy, Scheitel des Seitensprosses. 


Die ersteren peripherischen Zellen wélben sich zuerst nach oben schrag hervor,. 
dann teilen sie sich durch eine Wand, die in der Abb. 4A mit 1-1 bezeichnet ist. 
Diese Teilungswand durchzieht die Basis der Vorwélbung, so daB die Basalzelle und: 


Die Anlagen der beiden ersteren Blatter entwickeln sich in gleicher Weise wie die. 
Anlagen der dritten bis sechsten Blatter. 

Die Basalzelle wélbt sich an der Stelle der freien Oberflache hervor. Dann teilt. 
Sie sich an der Basis des vorgewolbten Teils (Abb. 4A, 2-2). Diese 2-2 Teilungswand. 
liegt ungefahr parallel zur Halbierungswand. Die dadurch hervorgebrachte innen. 
eingeschlossene Basalzelle teilt sich danach unregelmaBig, um kleine Zellen an den. 
Basen des ersten und zweiten Blattes zu erzeugen. 


Im nach auBen vorgewolbten Teil tritt die 3-3 Wand parallel zur 2-2 Wand auf 
(Abb. 4A). Die innere Zelle wird zur Basis 
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ab, wie der Scheitel des Hauptsprosses. Die Gliederzelle teilt sich in eine Knoten- und 
eine Internodialzelle. Danach folgen in der Knotenzelle die regelmaBigen Teilungen, 
die mit diesen des Hauptsprosses iibereinstimmen. Der so entstandene SeitensproB 
wachst sich unter geeigneten Bedingungen aus, 

Die Urzelle des Seitenblattchens streckt sich zuerst waagrecht nach auBen, dann 
teilt sie sich in eine Basalzelle und eine Blattanlage. Weitere Teilungen sind denen 
der ersten bis sechsten Blatter gleich, auBer daB Seitenblattchen vorwiegend kleiner 
als die letzteren Blatter ist (Abb. 4C). 

Die Basalzellen der Seitenblattchen teilen sich weiter, und kommen kleine Zellen 
vor. Aus diesen kleinen Zellen und den gleichmafigen Zellen an den Basen der 
beiden ersteren Blatter entwickeln sich adventive Sprosse und Rhizoiden, wie es bei 
den Basalzellen der dritten bis sechsten Blatter der Fall ist. 


Entwicklung der Geschlechtsorgane. 


Nitella inokasiraensis ist didézisch, sie entwickelt ihre Antheridien oder Ooognien 
im Frithling auf den Blattknoten. 

Entwicklung des Antheridiums: In der reproduktiven Phase teilt sich die Blattan- 
lage der mannlichen Pflanzen wie die der vegetativen Pflanzen. Der so hervorgebrachte 
Blattscheitel spitzt sich nicht, sondern rundet sich, dann trennt eine scheibenformige 
Zelle nach unten (Abb. 5a). Diese abgetrennte Zelle erfahrt spater noch eine horizon- 


Abb. 5. a, Langsschnitt der mannlichen Pflanzen von Nitella inokasiraensis. b-d, 
Entwicklung des jungen Antheridiums in verschiedenen Stadien. A, Anlage des Anthe- 
ridiums der ersten Ordnung; a, Anlage des Antheridiums der zweiten Ordunung; gr, 
Griffzelle; i, Blattinternodium; k, Blattknoten; k6, Képfchenzelle; sa, Stiel des Antheri- 
diums; sc, Schildzelle; V, Scheitelzelle des Hauptsprosses. 


tale Teilung, wodurch die zwei iibereinanderliegenden Zellen des Stiels vom An- 
theridium erzeugt werden (Abb. 5d). Die oben gelegene Kugelformige Scheitelzelle 
wird durch zwei senkrecht kreuzende Langswande in vier gleichmaBige Teile geteilt 
(Abb. 5b). Die dritte Teilungswand ist horizontal, dadurch acht gleichmaBige Zellen 
aus einer Anlage hervorgebracht werden(Abb. 5c). In den Zellen treffen zwei zur 
Oberflache parallel laufende Wande aufeinander. Die auBersten Teile werden zu den 
Schildzellen, die mittleren zu den Griffzellen und die innersten zu den Kopfchenzellen 
(Abb. 5d). Die spermatogenen Faden gehen von den Kopfchenzellen aus (Abb. 6B). 

Zum Blattknoten unter dem Antheridium gehéren fiinf peripherische Zellen. Ein 
bis zwei von denen kénnen die Antheridien der zweiten Ordnung bilden, wobei eine 
Basalzelle dieses Antheridiums am Blattknoten auftritt (Abb. 6A). Die Entwicklung 
der Antheridien der zweiten Ordnung sind dem von der ersten Ordnung gleich. Die 
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anderen peripherischen Zellen werden meistens zu den Blattendgliedern, die sonstigen 
peripherischen Zellen strecken sich nicht, sondern teilen sich danach. 


Abb. 6. WNitella inokasiraensis. A, Langsschnitt des Antheridiums der ersten und 
der zweiten Ordnung. B, Querschnitt des Antheridiums, spermatogene Faden schon aus 


den Kopfchenzellen ausgegangen. 


Abb. 7. a, Langsschnitt der weiblichen Pflanzen von Nitella inokasiraensis. b-f, 
Entwicklung des Oogoniums in verschiedenen Stadien. e, Eimutterzelle; ei, Eizelle; hii, 
Hiillschlauchen; kr, Krénchenzelle; P, peripherische Zelle des SproBknotens; p, peri- 
pherische Zelle des Blattes; so, Stiel des Oogoniums; V, Scheitelzelle des Hauptsprosses. 


Entwicklung des Oogoniums: Die weiblichen Pflanzen entwickeln sich wie die 
vegetativen Pflanzen (Abb. 7a). Ein bis drei von den fiinf peripherischen Zellen des 
Blattknotens wolben sich zuerst hervor, dann teilen sie sich in zwei mit einer parallel 
zam Knotenumfang laufenden Wand. Die innere Zelle wird zur Basis des Oogoniums. 
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Die auBerere Zelle, die nichts anderes als die Anlage des Oogoniums, schwillt weiter 
und rundet sich ab. Diese Anlage verhilt sich wie eine Scheitelzelle. Zuerst teilt 
sie sich mit einer Wand, die parallel zur. vorangehenden Wand gelegen wird. Die 
kuppel-kugelférmige Scheitelzelle ist die Eimutterzelle, und die darunter gelegene 
‘Gliederzelle teilt sich quer in eine Knoten- und eine Internodialzelle (Abb. 7b). Die 
Internodialzelle wird zum Stiel des Oogoniums. Die Knotenzelle teilt sich in finf 
peripherische Zellen und eine Zentralzelle. Die Zentralzelle erfahrt danach keine Tei- 
lung. Die peripherischen Zellen werden zu den Hiillschlauchen; dabei strecken sie 
sich, und treten zweimalige Teilungen an ihren Spitzen auf. So entstehen die oberen 
und unteren Kronchenzellen (Abb. 7f). 


Abb. 8. Nitella inokasiraensis. Langsschnitte dés Oogoniums. A, junges Oogo- 
nium, Eizelle und drei Wendezellen sichtbar. B, alteres Oogonium, schon Material ge- 
speichert. 


Die Eimutterzelle schneidet folgendermaBen die drei Wendezellen"™) ab; die erste 
Wendezelle wird zu der Zeit, wo die erste peripherische Zelle des unteren Knotens 
entsteht, gerade auf der ersten durch einer Langswand als eine kleine Zelle seitlich 
abgetrennt (Abb. 7c, d). Die zweite Wendezelle wird aus dem unteren Teil der 
Eimutterzelle neben der ersten durch eine Langswand abgeschnitten (Abb. 7e). Die 
dritte Wendezelle wird aus der Eimutterzelle parallel zur Grundflache geschnitten 
(Abb. 7f, 8A). Die obere gréRBere Zelle ist die Eizelle, die sich danach vergroBert und 
viel Material speichert (Abb. 8B). Dagegen bleiben die drei Wendezellen in ihrer 
anfanglichen Gr6éBe zuriick. 


Besprechung. 


Die Gliederzelle, die aus der Scheitelzelle geschnitten wird und in der Folge zur 
Knoten- und Internodialzelle wird, ist an verschiedenen Orten vorhanden, d.h. am 


218 Bot. Mag. Tokyo Vol. 74 


Haupt- und SeitensproB, an der Anlage des Blattes, des Seitenblattchens und des Oogo- 
niums. Derartige Teilungsvorginge sind von den anderen Arten her bekannt. Das: 
zeigt schon Giesenhagen’) in einer Formel; V=v+g=v+(k+i). Meiner Meinung nach. : 
ist sie richtig. Poti 
Die Basalzelle ist eigentlich eine Gliederzelle. Bei den Charen und Nitellopsis teilt 
sich die Basalzelle in eine Knoten- und eine Internodiazelle. Bei Nitella inokasiraensis 
erfahrt die Gliederzelle keine Knoten-Internodium-Teilung, sondern direkt die Ent- 
wicklung der Basalzelle. Bei Nitella hyalina nach Ernst’) gibt es auch keine Knoten- 
Internodium-Teilung, an N. pseudoflabellata nach meiner unveroffentlichten Beobach- 
tung auch nicht. Das stimmt mit der Beobachtung von Giesenhagen’.*) an N. gracilis,. 
N. syncarpa und N. cernua iiberein. Das mag eine Besonderheit der Nitellen sein. 


Zum Knoten, der aus der Gliederzelle vorkommt, gehéren der SproBknoten, der 
Blattknoten und der Knoten des Oogoniums. Bei den schon untersuchten Arten der 
Characeen ist es iiblich, daB die erste Teilung des Sprosses die Halbierung ist, und 
daB keine Halbierungswand im Blattknoten auftritt. Bei N. imokasiraensis ist es. 
auch so. 

Bei der Entwicklung der Eimutterzelle von N. inokasiraensis entstehen die drei 
Wendezellen, wie es bei der von N. syncarpa'*) der Fall ist. 


Zusammenfassung. 


Nitella inokasiraensis, die zu den Monoarthrodactylae gehért, wurde entwicklungs- 
geschichtlich untersucht. 


Der HauptsproB besitzt ein unbegrenztes Spitzenwachstum. Der Vegetationspunkt 
ist eine halbkugelf6rmige Scheitelzelle, die unterwarts eine Gliederzelle trennt. Die 
Gliederzelle teilt sich in eine Knoten- und Internodialzelle, die sich danach ohne: 
Zellteilung streckt. Die Knotenzelle teilt sich zuerst in zwei nebeneinanderliegende 
Halbierungszellen, dann erfahrt sie eine Reihe von gesetzmaBigen Teilungen, aus der’ 
die sechs peripherischen Zellen und die zwei Zentralzellen entstehen. Jede von den 
peripherischen Zellen wolbt sich zuerst nach oben schrag, dann teilt sie sich in eine 
Basalzelle und eine Blattanlage. 

Aus den Basalzellen des ersten und zweiten Blattes kommen die zwei Seitensprosse 
und die zwei Seitenblattchen vor. 


Bei Nitella inokasiraensis erfahrt die Basalzelle keine Knoten-Internodium-Teilung.. 
Nitella inokasiraensis ist diézisch, sie entwickelt ihre Antheridien oder Oogonien. 
auf den Blattknoten. 


Die Eimutterzelle schneidet die drei Wendezellen auBer der Eizelle ab. 


Es ist mir eine angenehme Pflicht, an dieser Stelle Herrn Prof. Dr. H. Ono und 


Herrn Prof. H. Kasaki fiir ihre Anregungen und stetige Leitung meinen besten Dank. 
auszusprechen. ; 
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The present author reported on the isolation and the taxonomic studies of a new 
species of Spirillum, Spirillum putridiconchylium'). Thereafter he isolated new 
species of Spirillum from the putrid bodies of two species of the fresh water shell 
fishes, Corbicula japonica Prime and Cipangopaludina malleata (Reeve). This paper 
deals with the isolation and the morphological, cultural and physiological studies of 
these spirilla. 


Isolation 


Source of materials: Corbicula japonica Prime used in this study was purchased 
at the market at Takanobashi in Hiroshima city in October 1958; Cipangopaludina 
malleata (Reeve) was collected at the paddy-field at Kairoshiohama in Itsukaichi-cho, 
near Hiroshima city in May 1959. The putrid media in which the spirilla had de- 
veloped were obtained by the same procedure as mentioned in a previous paper’). 
Among several organisms which were isolated by plating on the putrid media, the 
following two spirilla were identified as the new species Spirillum metamorphum nov. 
sp. (isolated from the putrid medium of Corbicula japonica Prime) and Spirillum 
crassum nov. sp. (from the putrid medium of Cipangopaludina malleata Reeve). 

Method and Media: Method for the isolation is the same as in Spirillum putridi- 
conchylium'). But two media employed in this study were as follows. a) For 
Spirillum metamorphum; peptone 5g., yeast extract 3g., sodium chloride 1g., shell 
fish extract 200m/., water 800m/. Preparation of the liquid media and the solid 
media is the same as that mentioned previously') except the sort of shell fish used to. 
obtain the extract, to say, in this case Corbicula japonica Prime was used. b) For 
Spirillum crassum; peptone 5g., beef extract 3g., yeast extract 3g., water 1000 mi. 
For preparing the solid media, 0.7% (w/v), agar powder was added. The pH of media 
was adjusted to 7.0 to 7.2 before sterilizing. 


Culture media and cultural conditions for the identification 
of the spirilla 


Culture media and cultural methods for the identification of the spirilla were the 
same as used for the identification of Spirillum putridiconchylium'), but the pH of 
the culture media and the temperature of incubation were as follows. The pH of 
the media was adjusted to 8.0 to 8.2 for Spirillum metamorphum, and 7.4 to 7.6 for 
Spirillum crassum; the temperature of incubation was 30° for Spirillum metamorphum, 


and 38 to 40° for Spirillum crassum. The gelatine plate and stab were incubated at. 
20° for the both species. 


Descriptions of the species Spirillum metamorphum nov. sp. 
1. Morphological characteristics 


Vegetative cell: The initial cultures of the spirillum contain the definite spiral 
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cells in high percentage, but the repeated subcultures scarecely contain the definite 
spiral cells. The spirillum grown in the nutrient broth after incubation for 24 hrs. 
has a rod- or a vibrio-shaped cell which is 2 to 12 microns in length, or a S- or a 
spiral-shaped cell which is 10 to 20 microns in length, with obtuse ends. In the 
spiral-shaped cell, the wave length is 10 to 12 microns and the width of the wave is 
2 to 3 microns. The S- or the spiral-shaped cell often appears to be composed of 
two or more cells. The diameter of the cell is 1.2 to 1.4 microns. Refractive gra- 
nules are seen in some individuals but not in others. The motility of the spirillum 
is screwlike in the rod- or the vibrio-shaped cell as well as in the S- or the spiral- 
shaped cell. In old culture, the vegetative cells predominate and the microcysts are 
not found. The cell taken from a colony on the nutrient agar plate after 24 hrs. is 
a rod- or a vibrio-shaped cell of 2 to 6 microns in length. The diameter of the cell 
is almost the same as that of the cell grown in the nutrient broth. Concerning the 
refractive granules, no differences are observed between the cell grown on agar 
and that grown in broth. The spirilla begin to move as soon as they are transferred 
into the liquid media. 

Stained cell: The spirillum which is grown in the nutrient broth and the 
spirillum which is obtained from the colony on agar exhibit almost the same ap- 
pearances. When the cell of 24 hrs. old is stained with Loffler’s methylene blue, it 
shows somewhat different appearances, such as (1) the feature which is uniformly 
colored heavy blue without showing any structure, (2) the feature of several small 
volutin granules, taking purplish-red color, scattered in the body which is uniformly 
dyed blue or which reveals the so-called reticulate appearance. The volutin granules 
are most abundantly found in the cell after incubation for 2 days. The flagella are 
readily stained by Loffler’s method. The young cells of the spirillum possess single 
flagellum or a tuft of 2 to 3 flagella at both poles of the body, The number of 
flagella increases as the culture becomes older. After 2 days or more, the cell pos- 
sesses a tuft of several flagella at each pole. The spirillum is Gram-negative. 


2. Cultural characteristics 


Agar colonies: Growth is speedy. Colonies are seen with the naked eye after 
24hrs. After 48hrs., surface colonies are circular or slightly irregular (1.0 to 1.4mm. 
in diameter) with smooth surface and small indented margin, and are finely granular, 
convex, creamy-white, opalescent, and brittle. Deep colonies are smaller and round, 
elliptical, spindle or irregular. 

Gelatine colonies: Colonies are seen with the naked eye after 48 hrs. After 5 
days, surface colonies are punctiform or circular (0.9 to 1.1mm. in diameter) with 
rough surface, and are lacerate, coarsely granular, creamy-white, opaque, and brittle. 
Gelatine plate is liquefied, forming a slightly concave surface. Deep colonies are the 
same as the surface colonies except that they are smaller, and that they have a 
small indented margin. 

Agar stroke: Growth is moderate, beaded, creamy-white, glistening, and brittle. 
Fetid odor is absent, and the medium is unchanged. 

Agar stab: Growth is seen along the entire stab line and on the surface, but 
scant in the lower part of the stab. The line of puncture is papillate, and the 
medium is unchanged. 

Gelatine stab: Growth is seen along the entire stab line, but scant in the lower 
part of the line. Liquefaction begins in 5 days. Form of liquefaction is napiform 
for about 10 days, but becomes infundibular as the culture becomes older. After 4 
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weeks, liquefaction is about 25mm. in depth. 
Nutrient broth: Growth is moderate. After 24hrs., thin membraneous masses 


develop on the surface of medium along the tube wall. The masses precipitate by 
slight agitation. A thin ring remains along the tube wall after the masses have 
precipitated, and it disappears in about 5 days and finally the medium becomes Clear. 


Fetid odor is absent. 


3. Physiological characteristic 
Growth appears on the surface and in upper ca. 3mm. of an agar shake cultured, 


A. Spirillum metamorphum nov. sp. 


Figs. 1-16. Fig. 1, vegetative cells in initial culture, showing the definite spiral form 
x 1200, Fig. 2, vegetative cells in the nutrient broth after 24hrs. at 30°, showing the 
vibsio- or the S-shaped form. x 1200. Fig. 3, vegetative cells obtained from a colony on the 
nutrient agar plate after 24 hrs. at 30°, showing the short rod- or the vibrio-shaped form. 


Lad are obtained from a colony on the nutrient agar plate after 24 hrs. at 30°. The cells 
i ry 5 ‘after 48 hrs. at 30°, containing the small volutin granules. Fig. 6, flagella-staining 
y Lofiler’s method. The cells are obtained from a colony on the nutrient agar plate after 


30°, x 15. Fig. 8, the margin of the same colony as in Fig. 7. «50. Figs. 9 to 12, d 

colanies on the nutrient agar plate after 48 hrs. at 20°. x15. Fig. 13, a wud Paue lo iba 

the nutrient gelatine plate after 5 days at 20°. x15, Fig. 14, the wari of the anki deny 

Be in as 13, x50. Fig. 15, a deep colony in the nutrient gelatine plate after 5 days i 
- X15. Fig. 16, the Margin of the same colony as in F ig. 15. x50, ; 
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but not in the lower part. The spirillum does not reduce nitrate to nitrite, and pro- 
duces neither indole nor hydrogen sulfide. Catalase is not produced by growth on 
the nutrient agar. The spirillum produces neither acid nor gas from glucose, fruc- 
tose, lactose, sucrose and mannitol. Litmus milk is not coagulated, and shows a 
slight alkaline-reaction in ca. 1 week, but it is decolorized at bottom. This appear- 
ance does not change later. The optimum temperature for growth is 30°. The 
spirillum can grow at 37°, but not above 40°. The optimum pH is 7.6 to 8.4, and 
growth can be initiated between pH 6.0 and 9.6. Methyl red and Voges-Proskauer 
reaction are negative. The spirillum does not grow in synthetic media containing 
any of succinate, fumarate, malate, lactate, acetate, propionate, butyrate, citrate, 
malonate, glucose, fructose, glycerol and ethyl alcohol as a sole carbon source, and any 
of ammonium salts, nitrate, urea and asparagine as a sole nitrogen source. 


Spirillum crassum noy. sp. 


1. Morphological characteristics 


Vegetative cell: The spirillum grown in the nutrient broth after incubation for 
24 hrs. has a stout cell, with obtuse ends. It is generally 10 to 40 microns in length, 
but occasionally the cell reaches the length of 100 microns. The diameter of the 
cell is 1.3 to 1.5 microns. The waves are shallow, regular and 1 to 6 in number. 
The wave length is 6 to 7 microns. The width of the wave 1.3 to 1.5 microns. 
Refractive granules are present in some individuals but not in others. The spirillum 
moves to either direction with equal rapidity and facility, rotating counterclockwise. 
In old cultures, the vegetative cells predominate and the microcysts are not found. 
The cell taken from a colony on the nutrient agar plate of 24hrs. old is shorter 
than that taken from the nutrient broth. A great number of the cells show the 
vibrio- or the short spiral-shaped form. The cell is generally 3 to 15 microns in 
length, but occasionally reaches the length of 20 microns or more. The diameter 
of the cell is almost the same as that of the cell grown in the nutrient broth. Con- 
cerning the refractive granules, no differences are observed between the cells grown 
on agar and that grown in broth. The spirilla begin to move as soon as they are 
transferred into the liquid media. 

Stained cell: The spirillum cultivated in the nutrient broth and the spirillum 
taken from the colony on agar plate exhibit almost the same staining features. When 
the spirillum incubated for 24 hrs. is stained with LoMler’s methylene blue, it shows 
the cell which is uniformly colored light or heavy blue, including several volutin 
granules. The reticulate structure is not clear. The volutin granules are most 
abundantly found in the cell of one to two days old cultures. The flagella are readi- 
ly stained by Loffler’s method. Most of the spirillum after 24hrs. have a tuft of 
several to about ten or more flagella at both poles of the cell. The spirillum grown 
in the nutrient broth has as many flagella as the spirillum obtained from a colony 
on agar. The spirillum is Gram-negative. 


2. Cultural characteristics 

Agar colonies: Growth is speedy. After incubation for 24 hrs., surface colonies 
are circular or slightly irregular (1.0 to 1.5mm. in diameter) with smooth surface, 
and are coarsely granular, convex, light brown, opalescent, and brittle. The outer 
part of the colony appears as a thin transparent layer, and the inner part is granular 
and has lacerate margin. The outer layer disappeares after ca. 1 day. Deep colonies 
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are smaller than the surface ones, and are round, elliptical or irregular. Their 
margin are lacerate or lobate. As the culture becomes older, the surface colonies 
become larger and show a change in margin and in elevation. Namely, after 5 days 
the diameter of the colonies is 4.0 to 5.0mm., the margin is undulate, and the ele- 
vation is umbonate. Deep colonies show the same characteristics as after 24 hrs. 
except that the diameter is 1.5 to 2.0mm. and that the margin is lacerate in all 
colonies. 

Gelatine colonies: Colonies are seen with the naked eye after 2 days. After 5 
days, surface colonies are circular (1.0 to 1.6mm. in diameter) with rough surface, 
and are coarsely opaque, flatt, brown, opaque, and brittle. Concerning the 
margin, there are seen the following three different types: the first is curled, the 
second lacerate, and the third ciliate. Deep colonies are punctiform (ca. 0.4mm. in 
diameter), and have the lacerate margin. As the culture becomes older, the margin 
of the curled margin-colonies changes into lacerate or ciliate. After 1 week the 
surface colonies have the lacerate or ciliate margin, and show a concentric stratifica- 
tion with a filamentous structure. Gelatine plate is liquefied, forming a slightly con- 
cave surface. Deep colonies are filamentous (0.8 to 1.2mm. in diameter), and brown. 

Agar stroke: Growth is beaded, creamy-white, glistening, and brittle. Fetid 
odor is absent, and the medium is unchanged. 

Agar stab: Growth is seen along the entire stab line, and on the surface. The 
line of puncture is papillate in ca. 1 week, but afterwards changes to beaded. The 
medium is unchanged. 

Gelatine stab: Growth is seen along the entire stab, but is scanty in the lower 
part. Growth on the surface develops fairly around the point of puncture. The line 
of puncture is beaded, and the gelatine is slowly liquefied in crateriform. After 4 
weeks, liquefaction is ca. 8mm. in depth. 

Nutrient broth: Growth is speedy. After 24 hrs., a thin membrane develops on 
the surface. The medium is densely turbid. The membrane sinks into the bottom 
in a lump by slight agitation. After the membrane has sunk, the ring remains along 
the tube wall. The turbidity of the medium becomes light as the culture becomes 


older, but it still remains 2 weeks later. The ring still remains at that time. Fetid 
ordor is absent. 


Potato: No growth occurs. 


3. Physiological characteristics 


The spirillum grows on the surface and in upper ca. 3mm. of an agar shake 
culture. It does not reduce nitrate, and does not produce indole and hydrogen 
sulfide. Catalase is not produced by growth on the nutrient agar. The spirillum 
produces neither acid nor gas from glucose, fructose, sucrose, lactose and mannitol 
Litmus milk is unchanged. The optimum temperature for growth is 38 to 40° The 
organism can grow at 45°, but not at above 48°. The spirillum grows well ital the 
pH 6.5 to 8.5, and growth can be initiated between pH 5.8 and 9.4. Methyl red and 
Voges-Proskauer reaction are negative. The spirillum utilizes asparagine well and 
urea slightly as sole nitrogen sources in synthetic media, but not the salts of am- 
monium and nitrate. The spirillum utilizes the salts of succinic, fumaric, pyruvic 
malic, and lactic acid, glucose and glycerol as sole carbon sources in synthetic miediag 


, z if ’ > 
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B. Spirillum crassum nov. sp. 


Figs. 1-17. Fig. vegetative cells moving slowly in the nutrient broth after 24hrs. at 
39°, photographed with a dark contrast phase microscope. x1200. Figs. 2 and 3, specimens 
stained with Léffler’s methylen blue. x1200. The cells in Fig. 2 are obtained from a colony 
grown on the nutrient agar plate after 24 hrs. at 30°. The cells in Fig. 3 after 72 hrs. Fig. 
4, flagella-staining by Léffler’s methods. The cells are obtained from a colony grown on the 
nutrient agar plate after 24 hrs. at 39°. x1200. Fig. 5, a surface colony on the nutrient agar 
plate after 24 hrs. at 39°. x15. Fig. 6, the margin of the same colony as in Fig. 5. x50. 
Fig. 7, the margin of the colony after 5 days. x15. Fig. 8, a deep colony on the nutrient 
agar plate after 24hrs. at 39°. x15. Fig. 9, the margin of the same colony as Fig. 8. 
x50. Fifs. 10, 12 and 14, surface colonies on the nutrient gelatine plate after 5 days at 
20°. x15. Figs. 11, 13 and 15, each margin of the same colonies as in Figs. 10, 12 and 14. 
x50. Fig. 16, a deep colony on the nutrient gelatine plate after 5 days at 20°. x15. Fig. 
17, the margin of the same colony as in Fig. 16. x50. 


Discussion 


Spirillum metamorphum is thicker than 1 micron in the diameter of the cell. Al- 
though the initial culture of the spirillum contains the definite spiral cells in high per- 
centage, the subcultures scarecely contain the definite spiral forms. Even when the 
spirillum shows the spiral form, it is nothing but a chain of cells which is caused 
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by successive cell division. As Spirillum which possesses such morphological chateee 
teristics, the following two species have been reported: Spirillum kutschert Migula?:*.*) 
and Spirillum giesbergeri Williams et Rittenberg®). The spirillum isolated by the 
present author can not be distinguished morphologically from those species because 
it is markedly similar to them also in the other morphological properties. The 
spirillum in question, however, differs from them in some cultural and physiological 
characteristics. The differences among these spirilla are expressed in Table 1. 


Table 1. The differences among Spirillum kutscheri, Spirillum giesbergeri, and 
Spirillum metamorphum nov. sp. isolated by the present author. 


: Va lesbergert + 
Spirillum kutschert a a age 9 | Spirillum metamorphum 
| Migula Rittenberg i 
; | : 
surface: white; lobate surface: creamy-white; 
ee small indented margin 
deep; dark brown; deep: creamy-whith; 
round or whetstone-form round, elliptical or 
spindle 
Agar stab | filiform | papillate 
Gelatine colony | surface: transparent; surface: creamy-white; 
whetstone-form or punctiform or circular; 
round; lobate | lacerate 
Gelatine stab | slow liquefaction* no liquefaction liquefaction; napiform 
| in 10 days, but infundi- 
bular afterwards 
Potato limited growth* very slight, white growth | no growth 
Catalase positive* | positive | negative 
Optimum 22-27° | 30-32° 
temperature 
Available ammonium salts* ammonium salts, nitrate, | no growth in synthetic 
nitrogen urea, and asparagine | media 
compound / 
Available salts of malic, and | salts of pyruvic, malic, 
carbon pyruvic acid* | and lactic acid 
compound 
‘salts of malic, and 
succinic acid** 
ees | \ 


* Descriptions according to Giesberger’s monograph‘), 
** Descriptions according to Bergy’s Manual. 


As shown in Table 1, the spirillum isolated by the present author differs from 
Spirillum kutscheri and Spirillum giesbergeri in eight important respects for the iden- 
tification. The most striking characteristics by which the spirillum in question is 
distinguished from the above mentioned two species are its inability to grow on 
potato, the absence of catalase, and its inability to grow in synthetic media. From 
the above-mentioned evidence, the spirillum isolated from Corbicula japonica Prime 
is diagnosed as a new species, and it is named Spirillum metamorphum from its meta- 
morphosis. 

Spirillum crassum isolated from Cipangopaludina malleata (Reeve) distinctly dif- 
fers from all definite species‘.*.*) described up to the present time in several important 
characteristics. Especially the following characteristics are sufficient to diagnose the 
spirillum as a new species. Namely, (1) the spirillum has a stout cell of 1.3 to 1.5 
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microns in diameter; (2) the optimum temperature for growth is 38 to 40°, at which 
most of species can not grow; (3) the spirillum is catalase-negative; (4) the spirillum 
can utilize asparagine well, but urea is less readily utilized; the salts of ammonium 
and nitrate are not utilized as a sole source of nitrogen for growth; (5) the spirillum 
can utilize the salts of succinic, fumaric, pyruvic, lactic, and malic acid, glucose and 
glycerol as sole carbon sources, but not utilize the salts of acetic, propionic, butyric, 
citric, and malonic acid, fructose and ethyl alcohol. From the above points of view, 
the spirillum isolated from Cipangopaludina malleata (Reeve) is diagnosed as a new 
species, and it is named Spirillum crassum because it has a stout cell. 


Summary 


Two new species of Spirillum have been isolated from the putrid media in 
which the putrid bodies of two species of the fresh water shell fishes, Corbicula 
japonica Prime and Cipangopaludina malleata (Reeve) laid. On the basis of the 
morphological, cultural and physiological characteristics, the spirillum isolated from 
Corbicula japonica Prime is diagnosed as a new species, and it is named Spirillum 
metamorphum from its metamorphosis; and also the spirillum isolated from Cipango- 
paludina malleata (Reeve) is diagnosed as a new species and named Spirillum crassum 
because it has a stout cell. 


The author is greateful to Dr. Teijiro Kishitani, the president of Suzugamine 
Women’s College, for his valuable advice and encouragement during the course of 
the study, and thanks are due also to Mr. Morio Katakawa, the chief of Medical 
branch of the library attached to Hiroshima University, for his kindness in collecting 
literature which has been cited. 
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Chlorophyll Content in Sessile Algal Community of 
Japanese Mountain River 


by Hiromu KoBAYASI* 


Received November 8, 1960 


In the last decade, the attention of limnologists has been focused on the produc- 
tion of dry matter in lakes and the intensive studies have been carried out by many 
investigators. While the similar investigation on the running waters has not as yet 
been performed adequately except for several researches made by Odum!.*), McConnel 
and Sigler’). 

In a mountain river, sessile algae are important primary producers of organic 
matter and the main feed for sweetfish, therefore the information on the dry matter 
production of sessile algal community is indispensable as a background for the study 
of the ecosystem in a mountain river. However, the knowledge in this field has 
lagged also in Japan, though a few of the taxonomic and floristic studies have al- 
ready been reported. 

To fill the foregoing gaps, the author has undertaken a series of ecological 
studies of sessile algae in the mountain section of the River Arakawa during 1959. 
In this paper, he will describe the standing crop of algal community measured in 
chlorophyll amount and then discuss the habitat factors affecting the production of 
algae. 


Main features of the River Arakawa 


Arakawa is arising from a portion of the Titibu Mountains in Saitama Prefecture, 
Central Japan and terminating in Tokyo Bay. As seen in Figs. 1, 2, the watercourse 
is divided into the mountain river and the downstream region. The mountain river 
is a clear, rapid stream and it can be furthermore divided into two parts; the canyon 
section and the lower section. The former is 0.2 to 0.5m. in depth, 5 to 15m. in 
width and has a steep gradient. The latter has a gradual slope, a depth of 0.2 
to 0.7m. and a width of 10 to 30m. As pointed out by Berg‘), it seems ecologically 
reasonable to divide the mountain section into the said parts. The river bed of the 
mountain section is occupied by rocks of about 10 to 20cm. in diameter. 

The downstream region from Kumagaya to the estuary is characterized by high 
turbidity and a heavy silt deposition. 


Methods 


In the present study 20 stations were selected in 95 km. length of the mountain 
river section from Akasawa to Kumagaya. For the measurement of chlorophyll con- 
tent and cell number of sessile algal community, 4-5 rocks were collected at random 
from the river bed of each station. The algae on each rock surface of 5x5cm.2 
were left from brushing away by protection of a sheet of the same area of poly- 
ethylene cloth. The protected algae of these rocks were collected into a bottle and 
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homogenized with an ordinary home mixer. The homogenized sample was divided 
into two parts. One part was stored in a plastic bottle after fixed with 3% formalin 
solution for the count of cell number which was made by the Sedywick method. 
The other filtrated with a filter paper (Toyo No. 5a) for chlorophyll measurement. 
after Hogetsu and Ichimura’). 


Results and Discussion 


1. Locational and seasonal changes in chlorophyll content in the mountain river 


The measurement was carried out four times in a year. The results are sum- 
marized in Table 1, in which those obtained in the tributaries are also included. 
During January to March 1959, the river bed at Station 3 and 9 was dried up, there- 
fore the sampling for chlorophyll measurement could not be performed. At Station 
14 the river bed was densely covered with white deposit of fine lime stone outflowed 
from a settling pool of Titibu Industry. 
Thereby the chlorophyll content in the 
region below Station 14 was remark- 
ably reduced. Reduction of the stand- 
ing crop of algae referred to the pre- 
cipitation of the coarse bed load was 
also observed at Station 12 in a series 
of measurements made in summer and 
fall. 


Fig. 3-A shows the annual mean ze 
value of chlorophyll amount per unit = 
surface of the river bed deduced from 
the data in Table 1. In general, it 3 * 
can be said that the chlorophyll = eo 
amount is larger in the lower section S ra 
than in the canyon section. The mean 3 : 
value of 0.003 mg./cm.? and 0.007mg. ° Be 


/cm.? was respectively obtained in the 
area of canyon section and in the 
lower section. Furthermore, it is 
interesting to note that a regular 
rhythm can be seen in the locational 
change of chlorophyll amount within 
a mountain section. The low points ! \ 
in the rhythm were generally found 0 20 40 60 30, km 

at the station departed a short distance DOWNSTREAM 
downwards from the hydroelectric Fig. 3. Locational changes in chlorophyll content 


impoundment. This fact may suggest and cell number in the sessile algal communities. 
that there is a close correlation be- Of the mountain section of the River Arakawa. 
(A) Average, (B) January to March, (C) Spring, (D): 
Summer, (E) Fall. —O— Chlorophyll amount ---O--- 
cell number, @ chlorophyll in tributaries. 


tween the variation of the standing 
crop of algal community and the 
abrupt change in water level induced 
by the artificial impoundment. Namely, a great part of the water mass discharged 
from a hydroelectric impoundment is usually sent through underground tunnel to 
the lower station situated just above the next impoundment, thereby the water level 
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in the river remarkably fluctuates at downstream region of the impoundment and 
consequently the aquatic environment of the river bed is also extremely unstable. 
On the other hand, the aquatic environment of the lower section of the mountain 
river on the whole indicates pretty stable state. As indicated in Fig. 4, the locatio- 
nal difference in chemical components of the river water could not be found de- 
finitely, therefore the poor chlorophyll content in the canyon section may partly be 
attributed to the foregoing changeable aquatic environment. 


20 


10 


Chemical Compound ppm 


HNO,» 4 HNO; 
PO, 


ae JE a 
1 23 ae 56 7 8 11131415 5 164 17 18 on fen Sr. 


Fig. 4. Locational changes in dissolved solids. PO, HNO2, HNO3; x10-1. 
The data were obtained by Hayakawa during period of Dec. 1958 to Jan. 1959. 


0 


Definite seasonal change in the chlorophyll content was observed within the 
entire region of the mountain section but the pattern of the chlorophyll change in 
the canyon section differed a little from that in the lower section. As can be seen 
in Fig. 3, B-E, the chlorophyll content in the lower section began to increase in 
spring, reached a maximum in fall and reduced in winter. Therefore, such a feature 
of the seasonal change resembles that in lakes, because Ichimura*) has observed in 
the annual rhythm of chlorophyll content of lake water, one or two pulses, the peak 
of which occurs usually in spring and fall. On the contrary, in the canyon section 
the peak was obtained in winter. Presumably rich chlorophyll content in winter 
may be attributed to the characteristic life of Hydrurus foetidus, which is dominant 
species in the mountain river, and especially the winter vegetative thalli which 
develop about 10cm. in length cover densely the river bed of the upstream portion 
of the canyon section. As can be seen in Table 1, the chlorophyll content in the 
tributaries was roughly the same as that obtained in the main river near the outlet 
of each tributary. As an exceptional case, however, a large quantity of chlorophyll 
was measured at Station d in the River Otigawa. It was 99mg./m.? in April and 
414 mg./m.? in November. Comparing the chemical character of the River Otigawa 
with those of the other streams, no reliable reason was found to expect such an 
enormous algal production. The algal flora of the River Otigawa is characterized by 


Prasiola japonica, which is abundantly observed only in this river within the Titibu 
Mountain district. 


2. Comparison of chlorophyll amount in the River Arakawa with that in other fields 


According to the theoretical elucidation made by Steemann Nielsen’), the absolute 
maximum chlorophyll content in lake is 300 mg./m.? in the photic layer from the 
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‘surface down to the depth where the light is reduced to one per cent. The chloro- 
phyll amount contained in the trophogenic layer is about 30-80 mg./m.? in ordinary 
eutrophic lakes and 100-200 mg./m.? in extremely eutrophic lakes in Japan. Manning 
and Juday*®) measured 15-65 mg./m.? of chlorophyll in five Wisconsin lakes. Accord- 
ing to the data presented by Gessner®), the chlorophyll amount found in eutrophic 
lake, Wessling See was rather extraordinarily high (606 mg./m.?) but it was 148 mg./m.2 
in the photic layer. Therefore, the amount of chlorophyll in the mountain section 
of the River Arakawa can be comparable to that in ordinary eutrophic lakes but is 
smaller than those in the extremely eutrophic lakes. 

According to McConnel and Sigler’), the average chlorophyll content in the 
canyon section of the Logan River, Utah, is about 300mg./m.?, while that in the 
‘canyon section of the River Arakawa is only 25 mg./m.%. Besides the injurious effect 
of the impoundments, this low value may be referred to the geographycal difference 
in the habitat conditions. Especially, the River Arakawa frequently rises in case of 
heavy rain and typhoon, through which the river bed is disturbed and the benthic 
algal communities are destroyed by such physical action as scarping, burying etc. 

The assessment of standing crop of phytoplankton community based on its chloro- 
phyll content now becomes usual. The data obtained in this study show the fact 
that the proportion of chlorophyll to dry matter. of algae is 0.6-0.8% in diatom, 0.8- 
1.2% in blue-green and 1.0-2.0% in green algae. Assuming 1.0% chlorophyll as the 
‘mean value in the algal community of the River Arakawa, the standing crop of ses- 
sile algae is 7.0g./m.? as dry matter in the lower section and 2.5 g./m.* in the canyon 
section. Such values may somewhat ambiguous because of the specific and seasonal 
‘variations in the proportion of chlorophyll content to organic matter of algae. 


3. Relation between the amount of chlorophyll and cell number in the sessile algal 
community. 

Fig. 5, founded on the data taken from various stations along the watercourse, 
depicts a rough linear correlation between chlorophyll content and cell number. 
From the above result, it can be summarized that 
the locational floristic diversity in the sessile algal 
community is not striking in the mountain region 
of the River Arakawa. 

As the result of the research on the algal 
flora of the River Arakawa, the dominant species 
in the canyon section were Hydrurus and Ulothrix 
in winter, Achnanthes, Diatoma, Synedra and 
‘Ceratoneis in spring and fall, and Phormidium and 
‘Chamaesiphon in summer. In the lower section, 
they were Hydrurus in winter, Achnanthes, 
Synedra and Ceratoneis in spring and fall, and Veta Te 
Phormidium, Chamaesiphon and Cladophora in 
summer. Therefore, the slight fluctuation in the 
linear correlation between chlorophyll amount and 
cell number may be referred to the local seasonal 
deviations in the floristic constitution of the algal | 
community. In some stations, however, the changes in the chlorophyll content ead 
cell number were not parallel. In the samples taken during January to March and 
in April, the mean value of chlorophyll amount per cell was about 400x10-" mg., 
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Fig. 5. Relation between chloro- 
phyll and cell number in the sessile 
algal communities of the River Ara- 
kawa. 
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but the range of fluctuation was from 128x10-" to 1056 x 10-1! mg. Presumably 
such fluctuation may be speculated from the difference of cell volume peculiar to 
species. Namely, the low value of chlorophyll amount per cell was attributed to the | 
algal community which consisted of a great number of minute-sized algae, and high 
value was characterized by a small number of large-sized algae. For these reasons, 
the cell number, which has hitherto been employed as the measure of the standing 
crop of algae, may have little meaning from the ecological view-point. In determina- 
tion of the quantity of algae, the chlorophyll method seems to be more reasonable 
than the counting one, and this has already been proved by many investigators 
who used the chlorophyll content as an index of productivity of waters. 


Summary 


As a first step to study the primary production in the mountain section of the 
River Arakawa, the standing crop of the sessile algal community was measured by 
means of the chlorophyll method. From the ecological point of view, the mountain 
section was divided into two parts; the canyon section and the lower section. 

1. The annual mean value of chlorophyll content on the river bed was 25 mg./m.* 
in the canyon section and 70mg./m.? in the lower section. These values coincide 
fairly well with those measured in the ordinary eutrophic lakes in Japan. 

2. Throughout the watercourse, definite rhythm was observed in the seasonal 
changes of chlorophyll content on the river bed. The peaks were found in winter 
in the canyon section, while those in lower section were in fall. 

3. There is a linear correlation between the chlorophyll content and cell number 
in the sessile algal community of the mountain river. 

4. The main factors determining the standing crop of the sessile algal com- 
munity in the mountain section of the River Arakawa can be summarized as fol-- 
lows; (1) unstable aquatic environment of river bed caused by the hydroelectric im- 
poundment, (2) physical action such as scraping and burying referred to the flood of 
river by heavy rain, and (3) the precipitation of the coarse bed load originated from: 
the construction of the impoundment and of the fine lime stone outflowed from a 
settling pool of Titibu Mining Industry. 


The author wishes to express his sincere thanks to Prof. H. Ito and Dr. S. Ichi- 
mura of the Tokyo University of Education for their instructive advice and sugges-. 
tion throughout the progress of this study. Thanks are also due to the staffs of the 
Hutase-Dam-Kensetu-Suisankagaku-Tyosadan for their kind support and efforts, and. 
to Mr. K. Miura and C. Asakawa for their kind assistance. 
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Studies on the Flower Initiation of Spring Wheat in Sterile Culture 
I. Effects of Photoperiods and Photo-sensitive Growth Stage 


by Kiyomi WADA 
Received November 10, 1960 


Recently many studies on flower initiation have been carried out, using the 
plants cultured aseptically in test tubes containing the artificial culture medium. It 
is known that many plants initiate flower primordia in total darkness':*.+.*), and even 
at cool temperature*). Sugino*) reported that the spring wheat, Konosu No. 25, initiat- 
ed flower primordia under continuous illumination, 8-hour short days, and complete: 
darkness. : : 

The present experiments were performed with the aim to examine the effects of 
photoperiods upon flower initiation and growth of spring wheat cultured in test 
tubes. 


Material and Methods 


One of the most early-flowering varieties of spring wheat, Konosu No. 25, was: 
used in the present experiments. This plant requires no chilling and has a very 
short life cycle and initiates visible ear primordia two weeks after germination under 
continuous illumination. 

For seed sterilization, well-matured, and medium-sized seeds were selected. They 
were 1) washed with a germicidal soap, 2) sucked with vacuum pump in 70, per cent. 
ethyl alcohol solution for 2 minutes, 3) immersed in 10 per cent solution of chlorinat- 
ed lime for 30 minutes, and then 4) washed with distilled and sterilized water several. 
times. The sterilized seeds were sown aseptically, one grain per test tube containing: 
the modified White’s medium consisting of 200 mg. Ca(NOs)z, 360 mg. MgSO, 200 mg.. 
NazSO., 80mg. KNOs, 65 mg. KCl, 16.5mg. KHzPQ., 4.5mg. MnSQu:, 1.5mg. ZnSO,,. 
1.5mg. HsBOs, 0.75 mg. KI, 2.5 mg. Fe-citrate, 40g. sucrose, 8g. agar and 1,000 m/.. 
distilled water. 

The light conditions were as follows: continuous illumination, 8-hour short days,. 
and total darkness. The plants were grown under various combinations of these three 
light conditions. In the experiments started on October 7, 1955, and February 20, 
1956, the source of artificial light consisted of four 100 watt incandescent lamps and. 
one 20 watt daylight fluorescent lamp, and the luminosity at the plant level was. 
about 1,000 lux. In the daytime, they were supplemented with diffused daylight which 
had about one fiftieth of natural daylight intensity. In the experiment started on 
January 10, 1958, only the artificial light was used, and the luminosity at the plant. 
level was about 2,000-3,000 lux. 

All experiments were performed in an air-conditioned room at 20-42°. In the 
experiments mentioned above, the observations were carried out 35-50 days after 
germination. And, in the experiment started on December 11, 1956, in which the. 
plants were cultured only in total darkness, the observations were carried out 110- 
160 days after germination. The flowering stage and the number of leaves produced. 


* Biological Institute, Faculty of Liberal Arts and Science, Schizuoka University, Shizuoka, 
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on the main stem (leaf number) were observed under a dissecting microscope. The 


value of flowering stage was recorded according to the arbitrary scale shown in 
Table 1. 


Table 1. Values assigned to stages in development of the flower primordia. 


Values Description of the shoot apex 
0 | Vegetative, smooth dome 
0.5 | Slightly elongated apex 
i) | Elongated phalloidal apex 
2 Double ridge 
3 Formation of side spikelet 
4 Anther initials visible 
5) Heading 


Table 2. Culture of Konosu No. 25 under various photoperiodic treatments, 
from October 7 to November 10, 1955. 


L (The continuous illumination): 24-hour photoperiod+no dark period. 
S (The short day): 8-hour photoperiod+16-hour dark period. 


ee Position of | 
ae SS as Flowering flower, indicated Flowering Hissent ay anes of 
percentage by leaf stage Pp Pp 
(days) naman (mm.) observed 
35L+ 0S 100 5.1 4.2 99 11 
20L+15S 100 bez 4.1 93 15 
10L+25S 100 5.2 Sa, 74 24 
5L+30S 100 6.0 3a 68 19 
10S +25L 100 6.0 3.9 79 19 
20S +15L 100 6.5 2.8 38 13 
35S + OL 100 7.0 23 25 8 
Results 


Depression of flowering and growth under prolonged short day treatment and dark- 
ness: All plants, subjected to continuous illumination, 8-hour short photoperiod, or 
both light conditions with: various combinations, initiated flower primordia. With 
increasing exposure to 8-hour short days, however, the values of flowering stages and 
the heights of plants decreased, and the leaf number, which indicated the position 
of the node from which the plant entered into reproductive phase, increased gradual- 
ly (Table 2). With increasing duration of dark culture, the values of flowering stages. 
and fresh- and dry-weights decreased. The leaf number increased with increasing 
duration of dark culture. Although the heights of plants increased to considerable 
extent in the prolonged darkness, this increase may be due to etiolation (Tables 3, 4). 
Thus flowering and growth were depressed under the prolonged short days, and 
especially in darkness. 

Promoting effects of photoperiods inserted in continuous darkness on flowering and 
growth: In order to examine the photoperiodic sensitivity of the dark-grown plants 
at various growth stages, the plants were cultured in darkness, and exposed to 5 or 
10 day continuous illumination 0, 5, 10, 20 days after the germination (Tables 3, 4). 
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With the light interception for 10 days, all plants initiated flower primordia, irrespec- 
tive of the growth stage during which the light was given. When the light was 
given 10 or 20 days after germination, the values of flowering stages, fresh- and 
dry-weights of plants decreased, and the leaf number increased as compared with 
those exposed to the light at earlier growth stages. When the 5 day light intercep- 
tion was given at the beginning of the sixth day after germination, flowering per- 
centages showed higher values (95 and 83%) as compared with those given to the 
other growth stages, and the values of flowering stages also increased (Tables 3, 4). 

Thus the results show that 1) the photoperiods inserted in continuous darkness 


Table 3. Culture of Konosu No. 25 under various photoperiodic treatments, 
from February 20 to April 11, 1956. 


L: continuous illumination. D: continuous darkness. 
| | eae | 
Position of 
Photoperiodic oe <r flower, Flower- | Height of Bin f ay, f Number 
treatment per ve it indicated ing plants PLE ? ott wy of plants 
(days) age py et stage (mm.) (mg.) (mg.) observed 
50L+ 0D 100 5, 1. 5.0 116 362 51 15 
20L +30D 100 5.0 4.6 182 318 59 24 
10L+40D 100 5.4 2.5 112 250 50 22 
5L+45D 89 ea 1.0 95 260 37 26 
5D+5L+40D 95 6.7 1.6 90 228 | 39 22 
10D +5L+35D 57 7.6 1.9 101 215 | 39 28 
5D+45L 100 5.4 4.2 112 314 39 19 
10D +40L 100 6.1 2.6 73 248 40 28 
20D +30L 100 thers 125 148 251 35 18 
50D+ OL 0 7.0* 0.0 182 193 28 27 
* The number of leaves produced in vegetative growth. 
Table 4. Culture of Konosu No. 25 under various photoperiodic treatments, ‘ 
from January 10 to March 3, 1958. 
L: continuous illumination. D: continuous darkness. 
Position of 
Photoperiodic Flower- flower, Flower- | Height of Fresh Dry Numb 
‘uaa pe ee indicated ing plants Ween of jade ait of if plats 
ays “| by leaf ta ‘ piapts plants 
age ow ote. stage (mm.) (mg.) (mg.) observed 
50L 100 5.0 5.0 101 447 139 25 
50D 0 7.5% 0.0 216 171 37 30 
5L+45D 80 713 1.3 139 187 45 25 
5D+ 5L+40D 83 7.5 1.8 176 231 52 35 
10D+ 5L+35D 79 8.4 1.5 146 154 38 35 
15D+ 5L+30D 75 8.5 1.4 155 167 42 35 
ban a 5L+25D 77 8.9 1.4 180 170 40 35 
D+10L+30D 100 6.7 bo 172 199 56 35 
20D +10L+20D 100 utes 3.0 187 196 59 35 


* The Number of leaves produced in vegetative growth. 
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Promote flowering and growth, 2) the light period of 5 days is not enough for flower 
promotion but that of 10 days is sufficient, and 3) the growth stage from the sixth 


-day to the tenth day after germination is the most sensitive one to photoperiodic 
treatment. 


Discussion 


The study on the flowering of spring wheat, Konosu No. 25, cultured in vitro 
‘was published by Sugino‘) in 1957. He reported that this plant initiated flower pri- 
mordia under three light conditions (total darkness, 8-hour short days, and continuous 
illumination), and that sucrose, more than 4 per cent, must be added to the medium 
‘in dark culture, 2 per cent sucrose in short days culture, and no sucrose in continu- 


-ous illumination. He concluded that “....Especially, in dark culture, the amount of 
sugar added to the medium has a very significant influence not only upon the sur- 
‘vival of plants but also upon the flowering in wheat....”. 


In the present experiments, the photoperiods given to dark culture showed the 
promoting effect on flowering and growth of the plant. On the other hand, it was 
-shown that flowering and growth were depressed with the prolonged short days and 
-darkness. These depression may be due toa shortage of the photosynthetic products, 
‘probably of sugars. 

With regard to leaf number, the following facts were found. In the cases in 
which continuous darkness was intercepted with the continuous illumination for 10 
days or more, the number of leaves produced on the main axis before flower initia- 
tion were almost equal to those observed at the bending of light interception, i.e. 
the plant seems to cease differentiating new leaf primordia on the shoot apex im- 
mediately after exposure to light and to begin initiating flower primordia. 

In the case in which continuous darkness was intercepted with the continuous 
illumination for 5 days, the growth stage from the fifth to the tenth day after germi- 
nation was most sensitive to photoperiods, and a gradual decrease in sensitivity was 
observed with delaying exposure to the light. The decrease in sensitivity may be 
due to a decrease in total metabolic activity caused by an insufficient supply of the 
nutrients in the prolonged dark culture. 

Plants cultured in darkness for 50 days did not initiate flower buds on the main 
axes and the tillers which had little developed on account of the apical dominant 


Table 5. Culture of Konosu No. 25 in total darkness, from December 11, 1956, 
to March 31 and to May 21, 1957. 


Duration of dark culture in days 110 160 
Main axis 
Flower initiation* 1/11 2/16 
Flowering stage 1.0 1.5 
Tiller 
Flower initiation** 0/8 5/23 
Flowering stage 0.0 2.4 


* Denominator: number of plants dissected. 
Numerator: number of main axes with flower primordia. 
** Denominator: number of tillers dissected. 
Numerator: number of tillers with flower primordia. 
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growth of the main axis. But those cultured for 160 days initiated flower primordia 
on the tillers to some extent, and rarely on the main axes (Table 5). 


Summary 


1) The spring wheat, Konosu No. 25, was cultured aseptically in test tube con- 
taining the modified White’s medium under various light conditions. 

2) The flowering and growth of spring wheat were depressed under the pro- 
longed short days, and especially in darkness. 

3) The photoperiods inserted in continuous darkness promoted flowering and 
growth. The photoperiod of 5 days was not enough for flowering, but that of 10: 
days was sufficient. 

4) The early growth stage from the sixth to the tenth day after germination 
was most sensitive in photoperiodic response. The sensitivity decreased gradually 
with proceeding growth stages in dark culture. 

5) The plants cultured in darkness for 50 days did not initiate flower primordia, 
but those cultured for 160 days initiated on the tillers and rarely on the main axes. 


I am much indebted to Prof. S. Imamura of Kyoto University for his much cri- 
ticisms for this paper. 
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Paper-chromatographic Studies on Change in Gibberellins 
during Seed Development and Germination in 


Pharbitis Nil 


by Yutaka MuRAKAMI* 


Received December 18, 1960 


The occurrence of gibberellin-like substances in higher plants has been observed 
by several investigators including the author with various plant extracts'). Also it 
has been known that immature seeds contain these substances of much higher con- 
centrations than those in mature seeds of the same species'). In a previous paper?) 
the author has reported that the paper-chromatographic behaviors of active materials 
from several kinds of immature seeds differ from those of the chemically known 
gibberellins. The work here described was done to see whether or not the paper- 
chromatographic pattern of gibberellin activity remained unchanged during seed 
development and germination. The use of the Japanese morning-glory as plant 
material is very convenient for this purpose, since its seeds are extremely abundant. 
in gibberellin-like substances’: *‘). 


Materials and Methods 


Seeds of Pharbitis Nil (Japanese morning-glory) were sown in pots and grown in 
a greenhouse at about 25°. From these plants, fruit samples were taken for the first 
time on the 6th day after anthesis and samplings were continued until the maturity 
of the seeds at the specified intervals. Each fruit usually contains 4 seeds and so 4 
seeds or seedlings were used for the measurements of gibberellins. 

For studies of seedlings the seeds were germinated and permitted to develop on 
a moist filter paper at about 20° in the dark room. Four seedlings were taken at the 
specified intervals. 

Four seeds or seedlings, immediately after harvest, were weighed, ground with 
a pestle and mortar, extracted with 50m/. of 70% acetone for 20 hours at room 
temperature, and then filtered. The residue was extracted once more in a similar 
manner for 3 hours. The combined filtrate was evaporated to dryness under reduced 
pressure. The resulting residue was dissolved in a small volume of 70% acetone and 
directly used for paper chromatography to separate the various active substances. 
present in the extracts. 

A sheet of Toyo No. 50 filter paper was used throughout the work. Chromato- 
grams of the extracts were developed by the ascending method in the dark at about 
27°, until the solvent front reached 30cm. from the starting line. The solvent used 
was the mixture of iso-propanol/ammonia/water (10:1:1V/V). The developed chro- 
matogram was dried, folded lengthwise 2cm. in width, and cut transversely at 2cm. 
intervals. Each segment was then placed in beakers 2cm. in diameter and 7cm. in 
height containing 1.5 m/. of water. The author’s rice seedling method was used to 
detect gibbetellin activity. Five rice seedlings “ Aichi-Asahi”, whose coleoptiles at- 
tained about 1mm., were planted in each beaker and allowed to grow under ordinary 
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Fig. 1. Response of the second leaf sheath 
of rice seedling to gibberellin Az. 


Length of the second leaf sheath (cm.) 
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Fig. 2. Histograms showing gibberellin activity of acetone extracts of 4 seeds of 
Pharbitis Nil from anthesis to maturity after paper-chromatographic development with 
ammoniacal iso-propanol. Days on the hisotgrams represent the time after anthesis. Broken 
‘lines denote water controls. Arrows at the top of the histograms indicate the position 
of gibberellin Ag. 
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daylight conditions at about 30°. They were supplied with 0.5 m/. water every other 
day. The length of the second leaf sheath was measured after 7 days when the 
third leaf blade was beginning to unfold from the second leaf sheath. The results. 
were expressed in the mean length per beaker. A typical growth response of the 
second leaf sheath of rice seedlings to gibberellin As is shown in Fig. 1. 


Results and Discussion 


The histograms of gibberellin activity obtained with acetone extracts of the seeds. 
of Pharbitis Nil at different stages of maturity are shown in Fig. 2. This figure is 
based on the experiment in which the bioassay was made with rice seedlings. There- 
fore the term gibberellin is used for compounds having the property of causing 
growth promotion of the second leaf sheath of rice seedlings. The horizontal broken 
lines in the figure represent the growth of controls so that leaf sheath elongations. 
greater than this represent the presence of gibberellin activity. 

Changes in the level of gibberellin during seed maturity, which were determined 
by the methods indicated in Figs. 1 and 2, are presented in Fig. 3. In this figure: 
the changes in fresh weight of seeds are 
shown. The results, which are evident 
from Fig. 3, show that under the condi- 
tions of present experiments the amount 
of gibberellin rises rapidly after anthesis 
to 13th day, but thereafter it falls 
markedly. The amount extracted from 
the immature seeds on 13th day after 
anthesis corresponds to 1.4yug. of gib- 
berellin As per 4 seeds. When the seeds 
were fully ripened, it decreased to only 
1/6 of what it was on the 13th day after 
anthesis. On the 13th day after anthesis 
the embryo in the seed was as small as 
2mm. long but on the 20th day it was 
as large as the seed 10mm. long. The 
maximum growth of the seeds, expressed 
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in fresh weight increase, appeared sub- 0 10 20 30 40 
sequent to the time when the amount Days after anthesis 
gibberellin reached the highest level. Fig. 3. Changes in gibberellin concentration: 


These results are in agreement with and fresh weight in Pharbitis Nil seeds from 
those of the earlier report of Mitchel] anthesis to maturity. 

et al.’) and also of Corcoran*®) with Echinocystis macrocarpa, Lupinus succulentus,. 
and Phaseolus vulgaris. 

The occurrence not only of quantitative but also of qualitative changes in gib- 
berellin during the development of Pharbitis Nil seeds can be seen on the histograms. 
in Fig. 2. Until 13th day after anthesis the pattern of growth-promoting activity re- 
mained almost unchanged qualitatively. The growth-promoting zone of Rf 0.55-0.7 
contained the major growth substance which promoted a remarkable elongation of 
rice seedlings and reached a maximum on the 13th day after anthesis. Since this. 
promoting zone occurs at the Rf similar to that of gibberellins Ai, Az, As and Aa, 
one of which, gibberellin A:, has been isolated from higher plants’*.*), the growth. 
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promotion in this zone is considered to be due to the presence of gibberellin Ai, Ag, 
As or/and Ay. Some indications of small activity were also found in other zones of 
the chromatograms. , 

On the 20th day after anthesis the level of gibberellin in the Rf region of 0.55- 
0.7 suddenly decreased, but two other promoting zones, which have smaller Rf values, 
0.0-0.2 and 0.3-0.5, respectively, appeared. Moreover, a large inhibiting zone ap- 
peared in the region between Rf 0.6 and 0.9. And the pattern of growth substances 
remained unchanged until seed maturity. 

It was found from preliminary experiments that the inhibiting substances are 
able to be extracted from an aqueous solution with chloroform at pH 2.5 but under 
the same conditions gibberellin A is not extractable. Then the syrup obtained from 
4 mature seeds as described above, was taken up with 30m/. water, acidified to 
pH 2.5 with phosphoric acid and extracted two times with the equal volume of 
chloroform. This chloroform extract was discarded. After the pH of the aqueous 
fraction was adjusted to 7.0 with 10% potassium hydroxide, the solution was evapo- 
rated to a small volume under reduced pressure, separated on paper chromatogram 
with ammoniacal iso-propanol, and bio- 
assayed by the rice seedling method. 
The result is given in Fig. 4. On the 
chromatogram in Fig. 4 no promoting 
zone corresponding to gibberellin As 
occurred. Of course, as already re- 
ported in a previous paper*), the pro- 

Rf 0 0.5 1.0 moting zone corresponding to gibberel- 

Fig. 4. The histogram showing gibberellin ac- lin As could be clearly detected in the 
tivity of acetone extracts of 4 mature seeds of extract when more than 10 mature 
Pharbitis Nil after removing inhibiting substances seeds ‘of “Pharbitis Nil: were used./¢The 
pe peters disappearance of growth promotion at 
the starting line of the chromatogram is attributable to the inhibition of rice seedlings 
by the high concentration of salts which was derived from neutralizing the eluate. 

Since impurities in the extracts 
cause variation in both the Rf and 5 Butanol/Acetic/Water gal 
the tailing of the active substance 
on chromatograms, it seemed neces- 
sary to examine further the chro- 
matographic behavior of these active 
substances in the region of Rf 0.0- 
0.5. Then 40 Pharbitis Nil seeds at 
later stages of development were 
extracted with 70% acetone and 
the extract was chromatographed 
on a sheet of paper with ammonia- 
cal iso-propanol as in the preceding 
experiment. The zone correspond- 
ing to Rf 0.0-0.5 was eluted with 
boiling 100 m/. of 50% ethanol three Rf 0 0.5 1.0 
times, the eluate dried, taken up Fig. 5. Histograms showing gibberellin activity of 


into a small amount of water, and acetone extracts of mature Pharbitis Nil seeds. 
chromatographed ascendingly with Details are described in the text. 
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n-butanol/glacial acetic acid/water (4: 1:2V/V) at 27°. After the chromatogram was 
divided lengthwise into three strips, one of them was cut into 14 equal sections ac- 
cording to the Rf values and bioassyed by the rice seedling method. The result is 
shown in Fig. 5. A broad growth-promoting zone was found at Rf 0.5-0.85. Gib- 
berellin As runs with the solvent front under the same conditions. 

From the remaining strips the zone between Rf 0.5 and Rf 0.85 was excised, re- 
extracted with boiling 50% ethanol, and the extract again paper-chromotographed with 
ammoniacal isopropanol, and bioassayed as above. It was found that the promoting 
activity was reproduced in the zones of Rf 0.0-0.2 and Rf 0.3-0.5 (Fig. 5). From 
these results it is confirmed that Pharbitis Nil seeds contain new gibberellins whose 
‘paper-chromatographic behavior is distinguished from that of the chemically known 
gibberellins A:, Az, As and Ay. Also none of them is identical with bean factor II 
or gibberellin A;, since bean factor II is reported to run two times as far as gib- 
berellin As in an ammoniacal n-butanol solution®). 

The pattern of growth substances on the paper chromatogram obtained from the 
-etiolated Pharbitis Nil seedlings is presented in Fig. 6. In the histograms of seedlings 
the same promoting and inhibiting zones are found as in later stages of seed develop- 
ment: two promoting zones at Rf 0.0-0.2 and Rf 0.3-0.5, and a broad inhibiting zone 
‘at Rf 0.6-0.9. The promoting zone corresponding to gibberellin As could not be 
detected with 4 etiolated seedlings between 2 and 14 days after germination. The 
devel of gibberellin extracted from the etiolated seedlings, which was determined 


14 days 


Length of the second ieaf sheath (cm.) 


0 0.5 1.0 0 0.5 1.0 
Rf Rf 


Fig. 6. Histograms showing gibberellin activity of acetone extracts of 4 etiolated 
seedlings of Pharbitis Nil after paper-chromatographic development with ammoniacal 
iso-propanol. Days on the histograms represent the time after germination. Further ex- 
-planations are as in Fig. 2. 
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by Figs. 1 and 6, decreased gradually after germination in the dark as shown in Fig. 
7. The similar pattern of growth substances was also found with 4 light-grown seed- 


lings at the cotyledon stage (Fig. 8). 
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@ ° Ny 4 Fig. 8. The histogram showing gibberellin ac- 
Fig. 7. Changes in gibberellin concentration in tivity of acetone extracts of 4 light-grown seed- 
etiolated Pharbitis Nil seedlings after germination. jings of Pharbitis Nil at the stage having 


expanded cotyledons. 


As already described, the growth-promoting zone corresponding to gibberellin As 
suddenly disappeared at the later stage of seed development and instead two new 
promoting zones with smaller Rf values occurred. This phenomenon leads the author 
to suspect that gibberellin As or similar compounds might be converted into these 
new growth-promoting substances in the plant tissue. In order to confirm this hy- 
pothesis further experiments are being carried out. 

In a previous paper?) the author has reported that two zones of gibberellin ac- 
tivity are shown on the chromatograms of immature seeds of leguminous plants and 
that the activity of the one with Rf 0.7 is attributed to the known gibberellin A, 
while that of the other with smaller Rf value of 0.2 is due to a new gibberellin. 
This smaller Rf value is practically identical with that of a new gibberellin extracted 
from Pharbitis Nil seeds. Judging from the results of present experiments, the oc- 
currence of two gibberellin activities in leguminous seeds is thought to depend upon. 
the degree of maturity of the seeds employed. 


Summary 


Changes in gibberellins occurring during seed development and germination of 
Pharbitis Nil were studied by means of paper-chromatography and rice seedling 
method. 

The amount of gibberellin reached its peak on the 13th day after anthesis and 
thereafter markedly decreased. The maximum amount of extracted gibberellin cor- 
responded to 0.35 ug. of gibberellin As per seed. Gibberellin extracted from etiolated 
seedlings decreased gradually after germination in the dark. 

Three zones of gibberellin activity were found at Rf 0.0-0.2, Rf 0.3-0.5, and Rf 
0.55-0.7 on the chromatograms developed with the mixture of iso-propanol/ammonia/ 
water (10:1:1). The activity of Rf 0.55-0.7 was attributed to the chemically known 
gibberellin Ai, As, As, or Au. 

In initial stages of seed development the gibberellin activity appeared mainly at. 


Rf 0.55-0.7, while in mature seeds and seedlings at smaller Rf values of 0.0-0.2 and. 
0.3-0.5. 
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Fine Structure of Diatom Valves III. 


by S. C. Menta* and G. S. VENKATARAMAN** 


Received December 13, 1960 


The present paper deals with the fine structure of four centric diatoms, viz., Hemi- 
discus hardmannianus (Grev.) Mann, Stephanopyxis palmeriana (Grey.) Grunn, Skele- 
tonema costatum (Grev.) Cleve, and Coscinodiscus concinnus W. Smith. These diatoms 
were collected from Cape Comorin (Venkataraman, 1959')) and from the estuarine re- 
gions of the river Hoogly by Mr. N. Dutta. The mateaials were cleaned as described 
earlier (Venkataraman and Mehta, 1960*)) and observed under a Philips Electron- 
microscope (Mehta, under publication’)). 


Hemidiscus hardmannianus (Grev.) Mann (Figs. 1-8). 

L.M.S.*** Valves semicircular with 
straight ventral margin (Fig. 2). 
Ends are obtuse and the central 
portion is large and hyaline. The 
areolation is fine and radiating from 
the centre, about 10-12 in 10z. 
Spinulae are seen around the margin 
with hyaline ribs arising from them 
and running to the centre. 
E.M.S.**** Under the electron mi- 
croscope, the valve resolves itself 
into a lattice of hexagons with two 
distinct membranes (Figs. 1, 5 and 
6). The inner membrane (IM) is 
supported by a series of hexagons. 
From each angle of the hexagon, 
three curved bars (B) project out, 


Fig. 1. Diagrammatic representation of an oblique : : 
view of the areolae of Hemidiscus hardmannianus. Soe ae ote the outer See 
B, bars; CO, central opening; IM, inner membrane; brane (SM) (Figs. 5 and 6). It seems 
SM, sieve membrane; SP, sieve pores. that there are no lateral walls and 

these projecting bars forming a 
tripod-like structure are the only supporting structures between the two membranes. 
The inner membrane has a single large central opening (CO) in each hexagon. The 
outer membrane has 4-8 groups of sieve pores (SP) per hexagon (Figs. 6 and 8). Around 
the margin there are spinulae (S) from which arise hyaline ribs (Fig. 4). The girdle 
wall is perforated by a series of simple pores arranged radially (Fig. 7). In its fine 
structure, this diatom resembles Biddulphia mobliensis Bailey (Cassie and Bertand, 


1960‘)), although Okuno described simple areolae with round sieve pores in this form 
(Okuno, 1949b°)). 


* Division of Soil Science and Agricultural Chemistry, Indian Agricultural Research Insti- 
tute, New Delhi-12, 


** Division of Botany, Indian Agricultural Research Institute, New Delhi-12. 
at* L.M.s. Light microscope study. 


we ELM.S. Electron microscope study. 
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Figs. 2-8. Hemidiscus hardmannianus. Fig. 2, valve view. Figs. 3, 4, part of the valve 
showing ‘hyaline rib lines’ (note the spinulae in Fig. 4). Figs. 5, 6, portions of the valve viewed 
obliquely. Fig. 7, portion of the girdle. Fig. 8, portion of the valve viewed vertically (note the 
groups of sieve pores) (Fig. 2, lucida picture, scale: 10. Figs. 3-8, electron-micrographs, scale: 
1,). B, bars; CO, central opening; IM, inner membrane; SM, sieve membrane; SP, sieve pores; 
S, spinulae. 
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Stephanopyxis palmeriana (Grev.) Grunn (Fig. 14). 
E.M.S. The fine structure of this diatom has been studied by Desikachary and 
Bahadur (1954)*) and Okuno (1955)’), but the girdle structure was not figured by them. 
The girdle in this diatom resembles that of Stephanopyxis orbicularis (Cassie and 
Bertand,1960*)). The girdle wall is single layered and perforated by a series of simple 
pores. The radial arrangement of the pores is interrupted by nonperforated bands 
(Fig. 14), which simulate the appearance of the intercalary bands in Rhizosolenia. 


Skeletonema costatum (Grev.) Cleve (Figs. 9-13). 

L.M.S. Frustules lens-shaped with rounded ends, and joined by spines by silicifica- 
tion. The space between the cells is longer than the cells. The cells are 11.8-16.3 
jin diameter. No visible structure could be observed on the valve under the optical 
microscope. 
E.M.S. The wall structure of this diatom, commonly known as ‘ pervalvar punctiert- 
gestreift’’ (Hustedt, 1930*)) has been studied by Kolbe (1948°)) and Desikachary and 
Bahadur (1954)*). The valve shows clear areolae formation as reported by Kolbe 
(1948)) and Desikachary and Bahadur (1954°)) and the areolae are of the fully open 
type with secondary areolae with poroid membrane (Figs. 12 and 13). The spines 
are hollow and nonperforated (Figs. 9-11) and are firmly joined by silicification (Fig. 
9). It was doubted whether the secondary areolae formed a separate layer or not 
(Desikachary and Bahadur, 1954*)). Fig. 12 shows the complete secondary areolae 
from inside with the bases of the spines all around. This shows that they form an 
independent layer, which is closely attached to the outer primary one. It thus confirms 
that in Skeltonema costatum, the secondary areolae are formed as an independent 
layer closely adpressed to the primary layer by silicification and not as a more closing 
membrane (Desikachary and Bahadur, 1954°)). 


Coscinodiscus concinnus W. Smith (Figs. 15-21). 

L.M.S. The frustules are large, drum-shaped, 200-420 4 in diameter. Valve surface 
is slightly convex and in the centre sometimes slightly depressed. Areolation is 
slender with well differentiated rosette of large meshes, the surronding areolae becom- 
ing suddenly smaller, about 9-12 in 10 4 at the centre and 12 in 10% near the margin; 
central rosette distinct, radial; secondary series regular, hyaline ribs running to the 
centre from distinct spinulae near the margin; two small asymmetrical processes 
clearly discernible. 

E.M.S. The areolae on the valve are regularly hexagonal in pattern and are open 
to the inside, each side of the loculus being 0.4-0.6 ~ long. Each loculus is provided 
with an outer sieve membrane, an inner closing membrane and lateral membranes. 
The sieve membrane possesses many polygonal sieve pores (SP) with somewhat ir- 
regular margins. The sieve pores are 9-12 in 1 we and more or less in concentric 
rows. The inner closing membrane has a round central opening (CO). The lateral 
membrane is six-sided and the neighbouring loculi communicate with each other by 
means of passage pores (PP) on the lateral membrane (Figs. 17 and 19). The girdle 
loculi are arranged in longitudinal and oblique rows (Fig. 20). The loculi are with 
outer and inner openings, the outer opening lacking the closing sieve membrane 
(Okuno, 1955)). The present observations confirm those of Okuno (1955)’). In C. 


oo and C. pseudonitidulus the sieve membrane is non-porous (Okuno, 1953c!)) and 
954d!")), 


The authors wish to express their thanks to Drs. M. S. Randhawa, B. P. Pal, A. 
B. Joshi and R. V. Tamhane for their interest and encouragement, to Drs. C. 
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Figs. 9-14. Skeletonema costatum. Figs. 9-11, spines. Fig. 12, secondary areolar layer viewed 
from inside. Fig. 13, secondary areolae with poroid membranes. Fig. 14, Stephanopyxis palmeri- 
ana, girdle view (scale: 1p). 
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Fig. 1. Vertical distributions of zoospores of aquatic fungi during the stagnation 


and circulation periods. (Depth in m.) 
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Fig. 2. Vertical distributions of some species of aquatic fungi during the stag- 
nation and circulation periods. (Depth in m.) 


P : Pythium sp. AP: Aphanomyces sp. 
“SM: Saprolegnia monoica SD: Saprolegnia diclina 
S : Saprolegnia sp. AF: Achlya flagellata 


A : Achlya sp. 
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Summary 


The vertical distributions of the zoospores of aquatic fungi were studied in some Japa- 
nese lakes. The distribution of the zoospores in lake waters varied with seasons. There 
were two main types, i. e. homogeneous distribution and stratum one. The former appeared 
mainly during the circulation period and the latter was observed during the stagnation 


period. 


‘All species of aquatic fungi were distributed only in the epilimnion during the stagna- 


tion period, while some differences in the vertical distribution of the fungi were observed 
during the circulation period. The zoospores of Saprolegnia were distributed only in the 
surface layer, while those of Achlya and Aphanomyces were seen mostly in the bottom 
water. The zoospores of Pythium were distributed homogeneously from the surface to the 
bottom layers. 


Bot. Mag. Tokyo 74 : 259-265 (May 25, 1961) 


VYUTFVELSICBU ZHRBOARTS BR 


KA th = 


Katsuji KIMURA** and Misako FuJIo**: 


RAE A & 


Variation in the Expansibility 


of Pilei in Coprinus macrorhizus form. microsporus* 


1960 #2 11 9 14 Hae 


iI O—-OChSuNYFYebSa Copri- 
nus macrorhizus form. microsporus!) 2% 
ARIL&O5, “U4 Y a MTR ERIE LG, Ok 
DVITIEM FRA BRISLOCHS. titb 
b, 2a e AIRE A © Rie IC HA Cc 30° 
ROL, S~7 ARICA BE -WICMARER 
FS LIC FRAOREAB bhihd, Chblix 
— Hy A PITIE RS oF RACER LU CHRES, fa 
Fewest 1M). 

L2L, SHEIEM FEF RIA h (1958 429 AA 
HErIC CA ABRMERRE) OlFA SHK Lie 2K 
RARAIC HV Clt, FRAOREDRbNCOER 
eSPCHEL CLE) (H4M), AMWAEX 
ICO % AAEASBA AF (48 3M) Ee IS-LEA CH 2 
BI) vd BAR LIELIER SH. LOLA 
NFER ORES RB Te FRA HR ds 0 Ie OS 
PART RA” LEST LIC SM, LLOHOAF 
SRADEEHOLOCH Sir bit, EONFILE 
MALLE UCEROMBRRIZAWICRIZO EOE 
AU, COARGRFRAICOVCHARE CARS 
CICMETS. 


h FRAO 1 BRA ORAL 
Aad D PPAF RAK h ds 6 AE Le HII SEO 3 
* MURS S Rew Sess Hi WIR Be 
No. 80, BFW (RBS 407130) (CLOW 
D—iib. 
** Department of Biology, Faculty of Sci- 
ence, Okayama University, Okayama, Japan. [ij 


WARE Ae FBR. 


b, EXO 20 ROHL, HWITSRMMOLO 
EY} LEDSOSMARHE CLOT OMRENH 
Hee LICH E LC, ENHENOFRABKROK 
fee ddA 7e. wets, CRRA CGMS 30° CF 
do, Bee SU ya AT SRE AR. ¥ 
te, RAOF RAO IE ITIL HEDBL SS 
Db, REEDBRbDNIMSd Cad SIL EMSA IC HEA, 
BRIE G2, FRATERURIE ORES CAC L 
Cas b15~ 2A KicHiie oie. CORURS 3 Arf 
biicas, FOR RILBLROTL< CHS. 
BMAR DUET ISS 3 OK RERILLS 
L&-KES, RHAAFRAD A UR -OOMAG 
HET, CORMAO IRB OAE LCW72 9, HPCE 
MEF RKO A CMAR DIT BVT h REDE 
ALHUILTS LVI BRBSreEM, ChbitHL 
ChUNAS X45 ICHMT Ist SHRAFOMOBN 
CLSEROL-SEATBME, BARRA 
ICEERO dd SHED MAR DBICEFSSODEWA 
3. 

tirbb, Zattler?), Nobles’), Macrae‘), Qu- 
intanilha and Balle), gt9L8) 52s TUS KS 
IC, HHO 2B bh ONAMO 2 MAKATI T 
b, BHO LK LO KOEWORARKITIS 
LARC, AV FVOES ORERAIDY 56NS EO 
Choe, WEERRTRABRORF F ice 
CHEORHAERABCRORF Sf RIREL, 4 
FS Htkh ORFMIt Ff CHO, HaHa r Hs 
D3, KH AB OD 10, 12, 13, ab 6, Ad 
m 4, 9, 11, 17, aB O19 ti FRAF%, ABO 


260 Bot. Mag. Tokyo Vol. 74 


Figs. 1—4. Fruit-body formation of Coprinus macrorhizus form. microsporus on 
potato-sucrose agar slants in test-tubes. About natural size. Fig. 1, a normal fruit- 
body; Figs. 2—4, undeveloped fruit-bodies. 


Table 1. Fruit-body formation cn the dikaryons obtained by pairing of monosporous 
mycelia isolated from the wild fruit-body “h”. Explanation of signs in the following tables: 
F, normal fruit-bodies (Fig. 1); h, fruit-bodies with usual stipes and half-open pilei (Fig. 
2); c, fruit-bodies with usual stipes and closed pilei (Fig. 3); 1, undeveloped rudiments of 
fruit-bodies (Fig. 4). This experiment was completed for three times, and the results are 
indicated by three successive signs. 
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7, 8, ab © 1, 2, 5, 14, 20, Ab © 3, ABO LoCHBHOROORMHBERDOSLL AI, BoH 


15, 18, 231i f AFeELO“LOL TH, H1# 
DERIL Fe Fit S. 

COMERS Sed, WD PleMAS LjRE 
UR Be Fie o fe. 


#R FE 3S Be SER 
S1#O 1x10 jt abfx ABF i RMERNK 
DW, COBAIe ko CH URIER RFR Ad» 6 200 
(Nos. 101~300) » HifaF Hee DWE Lc. EOI 
DBO, BIARCHELOL BdbhHEMlaT Hy 
® 7(ABf), 1(abf), 3(Abf), 1I5@Bf) eFAxK 
—~ELCHALT, 2ZAADIBD Sas ¥ 5 aviz 


72 2K AAO FR ATE RD IRGB Are. FSA 
WRMOBIRS 2Tevs, 2H OFKFD» SARBAAAS 
BPR RODB eA OEVMOLOIOW TH, ZH 
CFt7e se 3 A ORIRGRD b, CHEIRE Lie. 

CORRO GEOR MILB 2ROCL< CHS. 
COF-FA6, EFF & fLOMMERN LE 
DDE 3BCHSAM, LI LOA VF NSHEERL, 
MEARE H— OF HAF fic ko CK 
ALSACWSEODEWRS. Mie f EAMBHAT 
A,B LOFRSABIRE DH LEE CA, H4ARICW 
bHS £5, ftxt A, B OWTHE.L BALT 
WoT EDodS. 


Table 2. Fruit-body formation from pairing of four tester haplonts having f-factor 
with monosporous mycelia derived from the combination 1 (abf) x10(ABF) of Table 1. 
Tester haplonts ABf, abf, Abf and aBf are the monosporous mycelia Nos. 7, 1, 3 and 


15 of Table 1, respectively. 


Monosporous mycelia Sretiee Fruit-bodies 
Mating type Number haplonts Normal Undeveloped 
AB 52 abf 20 25 
ab 45 ABf 18 27 
Ab 53 aBf 23 30 
aB | 50 Abf 24 26 
Total 200 — 92 108 © 
Table 3. Segregation for F, f; A, a; and B, b. 
ie f A Seog nae b 
Number O92 108 105 95 + |e 102 98 
Total 200 200 200 
x2 (for 1: 1) 128 0.50 0.08 
1B 0.30 ~ 0.20 0.50 ~ 0.30 0.80 ~ 0.70 
Table 4. Linkage data between f-factor and incompatibility-factors, A and B. 
: Parental 7 OY x2 
Loci ebetbindtions Recombinations Total (for 1:1) P 
AF af Af ak 
AeA: 50 53 55 42 
103 97 200 0.18 0.70 ~ 0.50 
BF bf Bf bF 
Viet 51 BY? 51 41 
108.9 92 200 1.28 0.30 ~ 0.20 
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leI— hE ROMG Stree 
AR) (LEICA ORAMBHATO A, B it, fe 


DVI Cor CL ERE LER, H2, 5 


BOF —FPOHOCHICOW CRAM LKE CAB 
SHITMT LD CHM & A UA RAG ONK. 


b SPE L fe Hae ge 200 (Nos. 301~500) & AAV» 
Ch URE or, HS ~7TRICHTF XLII 


Table 5. Fruit-body formation from pairing of four tester haplonts having f-factor 
with monosporous mycelia derived from the combination 7(ABf) x 179 (abF’). No. 179- 
haplont is one of the monosporous mycelia derived from the combination T<10; 


Monosporous mycelia ester Fruit-bodies 
u Mating type cat Nanber haploss Normal Undeveloped 
AB 41 abf 20 “ 
ab 62 ABf 30 ay 
Ab 49 aBf 21 zt 
Total 200 — 98 102 
Table 6. Segregation for F, f; A, a; and B, b. 
F i A a B b 
Number 98 102 90 110 89 111 
Total 200 200 200 
x2 (for 1:1) 0.08 2.00 2.42 
P 0.80 ~ 0.70 0.20 ~ 0.10 0.20 ~ 0.10 
Table 7. Linkage data between f-factor and incompatibility-factors, A and B. 
: Parental beach x2 
Loci Arn natians Recombinations Total (for 1: 1) P 
Af ak AF af 
im A. 49 57 Al 53 
106 94 200 0.72 0.50~0.30 
Bf oF BF bf 
f, B 42 51 47 60 
93 107 200 0.98 0.50~0.30 
Table 8. Linkage data between the two incompatibility-factors, A and B- 
Parental wa ; Le te i 
Combination combinations Recombinations Total j IE 
ab Ab aB (for 1: 1) 
1(@)k10(ABY 52 “45 0Rs(i‘éictCOC! 
97 103 200 0.18 0.70~0.50 
1(AB)x179(ab) 41 «62 49 48 
103 97 200 0.18 0.70~0.50 
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CTA COMAR DPE FI, BOBROOF 
FATE RO RB HN fe. COREL 1 Fe oe 
TEUS CH OAM, HRA OKRica bjt FX, 
FXf D&OCILERRFRA, fxf O&NICIE 
BABE F RIAD ASS < AEC, 4 < HARROD MLO 
Cui miEe WO Ge mea. 


Table 9. Fruit-body formation from pairing of monosporous mycelia derived 


from the combination 7179. 


abF abf 
_ Monosporous mycelia : = r ee 
397. 406 418. 421, Shy est) SE be aee 
305 F F F F F F F F 
ABF 355 ee eae [SAY na ail titel 
396 F F F F F F F F 
416 F F F F F F F F 
320 Ee (1h F F h (© h h 
ABf 327 F F F F h h h h 
387 F F F F h c h h 
395 F F F F r h r r 
aBF aBf 
Monosporous mycelia = = at a 
; 410. 419 420 . 455 314 321 337 383 
354 F F F F F F F F 
AbF 377 F F F F F F F F 
392 _F F F F F F F F 
452 F F F F F F F F 
370 F F F F c G h Cc 
Abf 382 F F F F Cc ! h c 
400 F F F F r c h h 
407 F F F F ¢c @ if c 


FF & ff €DORMRRR 
9 e110) 396(ABF) x 406 (abF) te BUC 354 
(ABP) x 410(@BF) (C46 UR FRA: b MIF HIE 
RENE 4 & 35, HEL. CHOKaMBPFE 
bo CWSI b, LOROBDICTAR—-OD ABF, 
abf, Abf, aBf #2Aettut, ZO—-OLMAL 
CORK FS EAU, CO 2 RAKE 


FHKE RF SIT CHS. COLD MED | 


LIC FifsbHEC ORR, KELMORRTSH 
ATH 2 KR AKIC She < TER fe FR M6 28 Ae 
ke. 


ff FRAO ALR 

BARA ees, EERE OFIKIC se C 
& LIZ LITHFARMENSR, COMREBRT 
FRICHAT, Mu Civ. WIHO 1 (abf)x 
7 (ABS) (CAE UTR O Bae EKA b BA 
FRE ME CED, HOF OFSSEILIE FG Cd ore. 
48D tute MF 4238 (Nos.501 ~520) & 7 A” & — & 38 
Ad LC, EHENORAME EDIE, MOM ACH 
BHOROROD SERITSOTORROHL, txt 
PSEMHOLDE LRA ULC, £OFRAB 
ROIS HA. SFT OKC ORRO RIS 
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MORITA LI, BEA LPRMAFRAILA D 
GCG, ETHIRITIEV LOCH EA, 506 x 508, 
506 x 514, 508 x 509 DHIAA DICH CHIH Lie 
DPok—RiERRFRADBE Ciec & Rhos: 
ZAC 506 x 508 (04 UR IEM FRA 5 MEL 
fe 20 OMMUF RIC f ELOFAR-BRAL 
TC, Ute 2 KR RAOF RATER & ATLA, 
S11 RicmTREO L ICM RFRALaAS 
biittok. COCLAH, SFO 2ZRRAAKICIS 
Wh, ENIC—-AERRFRAGRETS OC EBD 
OM, EHILEOL SOMBRE IT LE-HNOF 
NMCHSELELZ SHS. EKM 10 RO 502x507, 
ZOMWOMARHECH SNS £5IT, KROMIc 


Table 10. Fruit-body format 
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k 5 CRHAF RAO PRE DME LTS OSB 
DIAGEO MRITLSELOCHS 3 - 

MLE CERFRALESORE FF ¥reit Ff . 
D 2 AAAS Lin FRASER E 
DSO, HBO IsAsic Heat Lr 1 MARA 
OEBES ORAL CHORLEZ NS. Hi 
TAC ISU CMF DHE 1 KR HADG A ERED 
ILONT, FSHSOLBMAKES L@EMABGHE 
CHEote 2RRAAISAER RE DRC), bilo" 
JET ORIMACADICh SRP bCHS. GIRO 
HER 1 KR ARCO LIBRE bSOTH ORO 
MLC, BIKROM LV 1 KAAKEAYREBO 
RAC, FF Iku Ff 0 2KMRARCE 1 


ion on the dikaryons obtained 


by pairing of monosporous mycelia from the undeveloped fruit- 
body, produced in the combination 1(abf) x7(ABf) of Table 1. 


This experiment was carried out 


three times, and the results 


are indicated by three successive signs. 
ab 
Monosporous mycelia 
501 505 507 
502 r Ph bh cM h ECan 
AB 503 Cac rh Ten G Yr .@ch 
504 r h CoeF Fr C*-@ach 
aB 
Monosporous mycelia 
506 509 511 
508 | ee ee Fa h C <Be f 
Ab 512 Taekr ty tat —h Yr par 
514 F F h tier. iG C s@ h 


Table 11. Fruit-body formation from pairing of four tester haplonts having f- 
factor with monosporous mycelia isolated from the normal fruit-body, produced in 


the combination 506508 of Table 10. 


Monosporous mycelia Fruit-bodies 
Tester haplonts z 
AB 2 abf 0 Patines 
ab 5 ABf 0 5 0 0 
Ab 9 aBf 0 8 0 1 
aB 4 Abf 0 4 0 0 
Total 20 ee 0 1g Of ae 
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ORRCSM, IERRFRALBMLc ct dlt, Z 
DHE LbSL ONS. tees, FF tho FEO 
2K ARAKI ISU C, ADS E fold BAD 7 
FRB CRBEGIL, CHE CORMTCILBY bir 
Tedsofe. 
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ChHELWKS. SLT, 1) MEEK BA Ze 
HAE bOF RADA CLE, COBH AEA 
tk Sf CS, 2) RR Liev REA Ue Fis, 
B< OBE, Sf CHER, FREDO. 1KRA 
KES LEHAGbDLCO 2 KiRMIAIT $s > TI 
FF, €fctk Ff OZ LRHS, 3) IER FRIADS 
42UR kt elk, 26 OWA, FF EK FF CHS 
DB, Ehit ff OZ LbLHS, HLORMHEDIIH 
ES AFARATE LUCHA LB S404 Mbt 
4. 


fak 


2) Zattler, F., Zeit. Bot. 16 : 433 
4) Macrae, R., Nature 139 : 674 


5) Quintanilha, A., and Balle, S., Bol. Soc. Broter., Sér. 2, 14:17 (1940). 6) 
7) Kimura, K., Biol. Jour. Okayama Univ. 2:7 (1954). 


Summary 


Some of the dikaryons obtained by pairing of monosporous mycelia from the wild fruit- 
body “h” of Coprinus macrorhizus form. microsporus (a tetrapolar fungus) produced undevel- 
oped rudiments of fruit-bodies or abnormal fruit-bodies with usual stipes and closed or half- 


open pilei. 


This abnormality of fruit-body formation is a hereditable character, being 


controlled by a single recessive factor, f. No linkage exists between the factor f and the 


incompatibility-factors, A and B. 
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Miscellaneous Notes 


Hiroshi INovE* and Naofumi KiraGAwa**: Eremonotus (Hepaticae), 
a New Addition to the Hepatic Flora of Japan 


SHE ye*- JER: Eremonotus ROA AICI SPF 


Received September 29, 1960 


Eremonotus, a monotypic genus based on E. myriocarpus, has been known only in 
Europe, where this species seems to be very rare and is found in the subalpine or 
alpine zone (Miiller 1954, Martenson 1955). Recently, this interesting hepatic was 
collected on two mountains in Japan, i.e. Mt. Hakkoda of Aomori Pref. (140° 50’E, 
40° 40’N) and Mt. Goroyama of the Chichibu Mountains (138° 40’E, 35° 50’N). The 
junior author collected this species for the first time on Mt. Hakkoda (ca. 1500 m. alt.), 
on shaded, trickling or dripping volcanic rocks. No other hepatics were accompanied 
with Evremonotus, but adjacent to this, Amthelia juratzukana was found in a few 
quantity. The senior author found this species in Mr. D. Shimizu’s collections made 
on the Chichibu Mountains. It was collected in wet crevices of granite, occurring 
with Diplophyllum albicans, at an elevation of about 2100 m. 

Dr. H. Persson of Stockholm was kind enough to take trouble for us to verify 
our materials, informing us that the specimens were typical Eremonotus myriocarpus. 
Comparing the Japanese materials with those sent from Sweden by Dr. H. Persson, 
we could not find any prominent feature that might separate them from the Swedish 
plants. The plants from the Chichibu Mountains have some perianths while those 
from Mt. Hakkoda bear male inflorescences only. 

The occurrence of this species in Japan is rather important from the phyto- 
geographical point of view. It has been reported neither from North America nor 
from the Himalayan regions. Its range of distribution is, therefore, quite discontinu- 
ous, leaving a wide gap between Europe and the Japanese Islands. The habitat 
condition of the Japanese plants seems to be nearly the same as that of the European 
ones. This species may be regarded as a relict of the preglacial flora. No locality 
other than the two, cited above, has been known to the authors, but the species is 
very difficult to recognize in the field and may have been overlooked elsewhere. 


The authors are indebted to Dr. H. Persson of Stockholm for his verification of 
Japanese materials. 
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_ Noboru Hara*: Apical Views of Vegetative Shoot Apex 


Ko 2: ERO LED OORR 


Received November 22, 1960 


The vegetative shoot apex commonly forms a dome. The uppermost section in 
a cross series of such a shoot apex contains only a few cells of the first tunica layer, 
as shown by Tepfer!). Therefore, we cannot trace cell lineage within this layer in 
serial cross sections as well as in serial longitudinal ones, although Newman?) devised 
a method to observe apical views of a living shoot apex directly. 

The shoot apex of Daphne pseudo-mezereum A. Gray is flat or slightly convex, 
and, if the sectioning is appropriate, the uppermost cross section contains a number 
of cells of the first tunica layer (Fig. 1A), the second section containing centrally 
the cells of the second tunica layer with the peripheral cells which are in the first 
tunica layer (Fig. 1B). If we pay attention only to the cells of the first tunica layer 
which are reconstructed in Fig. 2, we can observe centrally located cells at the 
centre and radial files of cells peripherally. The former cells show infrequent cell 
divisions and the latter frequent ones. The more peripheral the region, the greater 
the number of files. 

In general, prior to the appearance of a leaf primordium cell divisions are pre- 
dominantly tangential at a presumptive leaf site, and the shoot apex increases in 
width in this direction. Subsequently cells in the radial files, especially the central 
ones, divide radially rather actively. 

As shown in Fig. 2, we can follow cell lineage within the first tunica layer in 
a more or less regular manner from the centrally located cells of the shoot apex 
to the highly protoplasmic superficial cells of the leaf primordium. The cell lineage 
is observed not only within the first tunica layer but within the second one (Fig. 1 B). 
Most, or at least a few, of the connecting cells in the lineage between the shoot apex 
and the leaf primordium are likely to be of use in passing morphogenetic substances 
from the apex to the leaf primordium. Even before the appearance of a leaf pri- 
mordium, these corzciztions are distinct between the apex and a presumptive leaf site. 
Occasionally a few of the connecting cells resemble incipient procambium (Fig. 1B). 
They are, however, not the precursors of the procambium. The latter arises later 
and is situated in the third to fifth layers in this species which has three to seven 
tunica layers. ; 

With the subsequent elevation of the leaf primordium, the connecting cells become 
‘obscured by readjustment of the cells, although they form the residual meristem if 
the initial of an axillary bud arises. Therefore, it is appropriate to call the area of 
connecting cells the “evanescent apical cell connection ”. ; 

The evanescent apical cell connection is of morphogenetic interest in considering 
the self-determining nature of the apical meristem, as discussed by Wardlaw*) and 
others. Apical views of the shoot apex suggest various problems that still remain 
to be considered, regardless of many excellent studies of the shoot apex‘). More 
details concerning these problems will be reported later. 


* Biological Institute, College of General Education, University of Tokyo, Tokyo, Japan. 
RRAFKBEABREDFRE 
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Fig. 1. A, uppermost cross section of vegetative shoot apex of Daphne pseudo-mezerewm. 
B, second section of same apex. A very young primordium scarcely showing elevation is at 
right. Tl, first tunica layer; T2, second tunica layer; %, procambium-like cells of evanescent 
apical cell connection in second tunica layer. Section thickness is 10 p. x 400. 


Fig. 2. Figure of first tunica layer 
which is reconstructed from figures of 
first tunica layer in Fig. 1 A and B, 
and reduced in one plane. C, centrally 
located cells; E, evanescent apical cell 
connection; 1, site of youngest leaf primo- 
rdium; 2, 3, 4, successively older leaf 
primordia. x400. 


References 


1) Tepfer, S. S., Amer. Jour. Bot. 47: 655 (1960). 2) Newman, I. V., Phytomorph. 6: 1 (1956). 
3) Wardlaw, C. W., Phylogeny and Morphogenesis, London (1952). 4) Gifford, E. M. Jr., Bot. 
Rev. 20: 477 (1954), 


Bot. Mag. Tokyo, 74: 269-270 (May 25, 1961) 


Srinivasachary SAMPATH*: Notes on the Taxonomy of 
the Genus Oryza 


S. Sampath: 74 4)RODe SMA 
Received November 25, 1960 


An enumeration of the species of Oryza as well as a key to the genus has been 
prepared by Chatterjee'). He recognizes 23 valid species from amongst the 30-40 
specific names published previously. Since this publication, three new species have 
been described, bringing the total to 26. Though the genus is small, it is economically 
important and its taxonomy is of interest to workers tracing the interrelationships, 
origin, and evolution of cultivated rice. Kihara?) has drawn attention to some probable 
errors in nomenclature. The present author has committed some errors in the past 
and the notes given below are intended to rectify them, and also to assist others in 
this field. This note is based on cytogenetical studies on Oryza collection at the 
Central Rice Research Institute, Cuttack, and observations on the Oryza species 
and hybrids being grown at the National Institute of Agricultural Sciences, Hiratsuka 

1) Oryza perennis Moench. Chatterjee') includes under this specific name Asian, 
American, as well as African perennial wild rices. A group of African wild 
rices can be conveniently separated from O. perennis and renamed O. barthii A. 
Cheval. This species is characterized by erect habit, and strongly spreading rhizomes, 
as contrasted to the residual O. perennis, having weak rhizome development, and 
spreading, prostrate or floating habit. Both the species are adapted for outcrossing, 
but seed setting under selfing bags is partial in O. perennis, and nil in O. barthit. 
The failure to set seed on selfing, in O. barthii suggests self incompatibility, but, the 
observation needs confirmation. If self incompatibility exists, it is a distinctive fea- 
ture, and a new specific name is justifiable. As far as is known, O. barthii and O. 
perennis have allopatric distribution, and hybridization between the two is difficult, 
and artificial cross pollinations have been hitherto unsuccessful. 

2) O. cubensis. The variety of wild rice occurring in Cuba must be included 
under O. perennis and Chatterjee!) does not record O. cubensis as a validly published 
name. The plants hitherto collected and grown have a semi-erect habit as contrasted 
to the floating or prostrate habit of Asian O. perennis, and since they are geographically 
isolated from the latter, can be given a varietal status, namely O. perennis var. cubensis. 

3) O. paraguaensis. There is no record of this specific name being published 
according to the rules of nomenclature. The South American plants given this specific 
name, are taxonomically identical with O. alta Swallen, and according to the rules 
this latter would be the valid name. 

4) O. latifolia Desv. This name has been applied to two different species, one 
distributed in Tropical America and the other in Asia and possibly in Africa. The 
specific name O. J/atifolia is validly applicable to the American species which is a 
tetraploid (2n=48). The Asian species is diploid (2n=24) and is classifiable as O. 
officinalis Wall. In the standard book on Flora of British India, by Hooker, this 
species is listed as O. Jatifolia and the error has been copied by others. Chatterjee’) 
uses the character, ligule fringes, to discriminate between the two species, the 
tetraploid O. latifolia having fringed ligules, the diploid O. officinalis not having 
the fringes. This distinction is not absolute, because new observations have shown 


ate Colombo Plan Associate: National Institute of Agricultural Sciences, Hiratsuka, Japan. 
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the occurrence of fringes in new varieties of O. officinalis collected from Bombay State, 
from Thailand, and from China. In addition to this, a tetraploid species resembling 
O. officinalis has been recently collected from Kerala, India, by Krishnaswamy and 
Chandrasekaran’), This species has light fringing on ligules. It is desirable that a 
cytogenetic study of this species, along with new African collection at National In- 
stitute of Genetics, Mishima, be completed and species delimitations made. Till such 
a study is completed, it is desirable to use O. Jatifolia as the specific name for the 
American species, and O. officinalis for the Asian species. 

5) ©. grandiglumis (Doell) Prodoehl. Since the specific name implies increased 
size of glumes (sterile lemma), it has been wrongly applied to varieties of O. sativa 
and of O. glaberrima which had long glumes (e.g. Sampath and Rao*)). In O. ridleyt 
also, the setaceous glumes are long, and this species has once been described as O. 
grandiglumis. The name is valid for an American species having the chromosome 
number 2n=48. This species closely resembles O. Jatifolia Desv. and recent cyto- 
genetical work at the National Institute of Agricultural Sciences, Hiratsuka, suggests 
that it is closely related to both O. Jatifolia and O. alta. 

6) O. meyeriana (Zoll. et Mor.) and O. granulata Nees et Arn. These two 
species have been united by some taxonomists, and the Indian species is listed as O. 
meyeriana in some Floras. Both Chatterjee!) and Backer*) have recorded that they 
are distinct and that the Indian species is O. granulata. This is diploid (2n=24) 
and suggestion by Sampath and Rao‘) that it is tetraploid is wrong. O. meyeriana 
is an Indonesian species and O. abromeitiana is a synonym of this species. The 
chromosome number of this species is not established as the publications listing it as 
diploid do not show whether the genuine O. meyeriana was studied. 

7) ©. punctata Kotschy ex Steud. The taxonomy of this species requires further 
study. Sasaki®) has indicated that this African species is similar to O. officinalis of 
Asia, as well as to O. latifolia of America. Chatterjee!) does not record the occurrence 
of O. officinalis in Africa. He distinguishes O. punctata from the latter in having 
longer spikelets (6-6.5 mm. long), longer awns (30-70 mm.) and longer ligules (4-6 mm.). 
Ligules are not fringed as they are in American species. A sample of seeds received 
from Belgian Congo were grown and studied. The Belgian taxonomists identify it as 
O. schweinfurthiana, a perennial type of O. punctata. This species had spikelets 
smaller than the limits for O. punctata, had the tetraploid chromosome number 
(2n=48) and was resembling O. eichingeri, another tetraploid species from East 
Africa. This collection is probably a new variety of O. eichingeri. It is also possible 
that O. punctata is a diploid species closely akin to O. officinalis and more variable 
than recognized by Chatterjee. 


I am indebted to the Government for an award under Colombo Plan, which has 
enabled me to study botanical researches on rice in Japan. I am also indebted to 
Prof. T. Morinaga for facilities and encouragement. 
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Cracking of Bean Seeds Soaked in Water 


by Mituo YAMAMOTO 


Received October 25, 1960 


Internal breaking of pea cotyledons due to uneven swelling was observed by 
Shull and Shull'). They explained an apparent increase in rate of water absorption 
as due to cavities formed by the breaking but did not relate it to germination. 
McCollum?) described that a high incidence of cotyledonal cracking might be expected 
when susceptible varieties of snap beans were germinated in wet soil at low temper- 
ature after storage at low humidity, but no observation was made on the embryo 
axis. It is well known that bean seeds soaked in water decrease pronouncedly in 
germinative capacity*::*). In a previous paper®), it was shown that well-dry bean 
seeds were impeded in germination by short-continued soaking. Temperature’.*) and 
aeration’) have considerable influences on soaking seeds. Literature which deals with 
the exact relationship between deleterious effect of soaking seeds and breakage of 
tissue is scanty. 

The present study investigates whether or not breaking of seeds takes place 
during a soaking process, and if so, under what conditions, indicating that breaking 
of embryo axis leads to a decrease in germinative capacity of soaked seeds. 


Materials and Methods 


Seeds used were kidney bean (Phaseolus vulgaris) and soybean (Glycine soja) 
which had been stocked in the laboratory after harvest. Kidney bean was used for 
most of the experiments. 

The seeds were divided into three lots, which were respectively stored at different 
humidities in order to change the moisture content before tests. One of the lots 
was placed over anhydrous calcium chloride for about two weeks, another lot was 
kept in a moist chamber for a few days, and the remaining lot was left as it was. 
Fifty seeds of each lot were used for the determination of the initial moisture content 
which was calculated on a dry weight after the seeds had been dried in a ventilated 
oven at 105°. 

Tap water filtrated through ion exchange resin was used for the tests. Flasks 
of 300 m/. capacity containing 200 m/. of water were prepared, each of which received 
25 seeds. Duplicate flasks, 50 seeds in all, were used for the same test. After 
soaking treatment, the seeds were carefully divided into cotyledons and embryo axis. 
Cotyledons were directly observed. The embryo axes were gradually dehydrated by 
ethyl alcohol and then transferred into xylol. Those which had become transparent 
by xylol were immediately observed or were cut into longitudinal sections with a micro- 
tome. Germinative capacity was determined by the seeds which had been placed in 
moist vermiculite at 20° to 30° for several days. The seeds which were placed 
on moist absorbent cotton without soaking in water were observed as a control, 
Observations were made only on the seeds which had imbibed. 


* Department of Biology, Faculty of Liberal. Arts and Science, Yamagata University, 
Yamagata, Japan. 
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Results 


Well-dry seeds were soaked in water at 25° for 10 hours, and breaking of coty- 
ledon and embryo axis was observed. The cotyledons of soaked seeds were easily 
separated from the embryo axis. One or more transverse fissures extended partially 
or completely across the cotyledon. Cotyledonal fissures of kidney bean and soybean 
are shown in Fig. 1-A and -B, respectively. Some cotyledons of the latter are dis- 
integrated at the edge in addition to the transverse fissures. 


Fig. 1. Cracking of cotyledons. Seeds were soaked in water at 25° for 10 hours after 
storage at low humidity. 

A) Kidney bean (initial moisture content: 3.5%). 

B) Soybean (initial moisture content: 4.3%). 


Many transverse fissures extend partially across the embryo axis, hypocotyl and 
radicle, as shown in Fig. 2-A. The fissures of embryo axis occur in the pith at 
first and then extend across the vascular elements to the cortex. The embryo axis 
which had been placed on moist absorbent cotton for 24 hours after the end of 
soaking was narrowed at the part with the fissure which extended to the cortex. 
This aspect is shown in Fig. 2-B. Embryo axis, the fissures of which exist only in 
the stele is quite normal in appearance (Fig. 2-A). Embryo axis of non-soaked seed 
without any fissures is shown in Fig. 2-C. 

Experiments were performed to determine the relationship between condition of 
soaking and cracking of seeds. The three lots of kidney bean seeds which had been 
stored at different humidities had 3.5 (low), 12.5 (medium) and 62.0 (high) % initial 
moisture content, respectively. Cracking percentages were given by the respective 
numbers of cracked cotyledon and embryo axis per total seeds observed. Embryo 
axes were observed without cutting. Treatments similar to those described for ob- 
servation of cracking were also made for germination test. 

In Table 1 are shown the rates of cracking and germination obtained from the 
seeds which were placed on moist absorbent cotton without soaking in water at 5° 
or 25° for 24 hours. 

As the seeds absorb water without soaking, most of them (above 94%) germinate 
vigorously and few fissures occur in the cotyledons and the embryo axes. 


Cracking percentages of cotyledon and embryo axis, together with germination 
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Fig. 2. Cracking of embryo axes of kidney bean (longitudinal section). 
A) Seed was soaked in water at 25° for 10 hours after storage at low humidity. 
B) Seed was placed on moist absorbent cotton at 25° for 24 hours after the treatment 
described above. 
C) Seed absorbed water without soaking in water. 


Table 1. Cracking and germination of non-soaked seeds (kidney bean). 


T 


Temperature at Initial moisture “ok Wee Cracking percentage 
which seeds content of seed ye Mae ace, 

absorbed water % Cotyledon Embryo axis 

305 96 8 2 

25° 158) 98 2 4 

62.0 98 2 0 

340 94 4 2 

ayy L222 96 Z 0 

62.0 94 2 2 


rates, are illustrated graphically in Fig. 3 for the seeds soaked in water at 25° for 
4 to 24 hours. 

The soaked seeds, except for those with the highest initial moisture content, 
show relatively high cracking percentage when the initial moisture content of the 
seeds is low. The seeds with 62.0% initial moisture content do not increase in 
cracking percentage by the soaking treatment. The cracking occurs within 4 hours 
after the start of soaking and is negatively correlated with the duration of soaking. 
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Fig. 3. Cracking percentages of cotyledon and embryo axis, and germination percentage 
(kidney bean). Seeds were soaked in water at 25°. Initial moisture content of the seeds: 
A 3.5%, B 12.5%, C 62.0%. 

© Cracking percentage of cotyledon. @ Cracking percentage of embryo axis. 

x Germination percentage. 
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Fig. 4. Cracking percentages of cotyledon and embryo axis and germination percentage 
(kidney bean). Seeds were soaked in water at 5°. Indications as shown in Fig. 3. 


The embryo axes of seeds which were soaked for 24 hours, however, increase slightly 
in cracking percentage. 

The results with the seeds soaked in water at 5° are shown in Fig. 4. The 
seeds with 3.5 and 12.5% initial moisture content were soaked for not less than 8 
hours, because there were many seeds which did not imbibe water during the shorter 
process of soaking. 

The seeds with 3.5% initial moisture content, crack considerably in both cotyledon 
and embryo axis, during the soaking process, and the seeds with 62.0% initial 
moisture content have scarcely any fissures. As to the seeds with 3.5 and 62.0% 
initial moisture content, soaking at 5° brings the results similar to those obtained from 
soaking at 25°. The cracking percentage of the seeds with 12.5% initial moisture 


content is far higher at 5° than at 25°, The low temperature does not bring about 
the cracking by itself as shown in Table 1. 
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The next experiment was done to investigate the effect of aeration on cracking 
of seeds. Seeds were soaked in water through which air was slowly bubbled with 
an air pump during the soaking process at 25°. The results similar to those obtained 
from the experiment at the low temperature were shown in Fig. 5. 
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Fig. 5. Cracking percentages of cotyledon and embryo axis, and germination percentage 
(kidney bean). Seeds were soaked in water supplied with air at 25°. Indications as shown 
in Fig. 3. 


The well-dry and the moist seeds are not influenced by soaking with aeration. 
The former crack and the latter do not. The cracking percentage of the seeds with 
12.5% initial moisture content, however, is far higher in bubbled water than in 
non-bubbled water. Many fissures of the embryo axes soaked in bubbled water for 
24 hours extended to the cortex. 

The last experiment was made on the seeds soaked in a sucrose solution at 25° 
for 24 hours. Concentrations of the solution were 0.1, 0.3, 0.5 and 0.7M. The results 
are shown in Fig. 6. 

An increase in concentration of the solution reduces the cracking percentages 
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Fig. 6. Cracking percentages of cotyledon and embryo axis, and germination percentage 
(kidney bean). Seeds were soaked in sucrose solutions at 25° for 24 hours, Indications as 
shown in Fig. 3, 
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of the seeds with 3.5 and 12.5% initial moisture content. The seeds whose initial 
moisture content was increased before soaking are not affected by soaking in the 
solution. . 

In all the experiments, the cotyledons and the embryo axes are similarly affected 
and the germination is inhibited under the soaking conditions which enhance cracking 
of seeds. 


Discussion 


Some of the soaked seeds have many fissures in their cotyledons and embryo 
axes. As seeds were placed on moist absorbent cotton after soaking treatment or 
in water supplied with air, their embryo axes have one or more narrow parts with the 
fissures which have extended to the cortex. The fissure is spread with the growth 
of embryo axis, and the inhibition of growth in the part with the excessive cracking 
brings about the formation of the narrow part in the soaked embryo axis. 

The seeds which imbibed water without soaking have but few fissures (Table 1). 
The cracking, therefore, does not occur during the storage but during the soaking 
process. The cracking percentage increases rapidly within 4 hours after the start 
of soaking, and later no further increase results. These facts apparently indicate 
that the cracking occurs during a short process of soaking. The increase in cracking 
percentage of the embryo axes soaked in water for 24 hours may be attributed to an 
easy observation on the fissures spread with the growth of embryo axes (Figs. 3, 5). 

It is evident from the experimental results that the cracking is related with the 
initial moisture content of seeds. The well-dry seeds are seriously cracked by soaking 
in water under any conditions. An increase in initial moisture content of seeds 
prevents them from cracking caused by soaking, and no seeds with the high initial 
moisture content are cracked by soaking under any conditions. It is clear that the 
low and the high initial moisture content have greater influence on cracking than 
the external conditions during the soaking process have. Cracking of the seeds with 
the medium initial moisture content, however, is susceptible to influences of external 
conditions in soaking. This is due to the insufficient resistance brought with a slight 
increase in initial moisture content. The strong solution tends to prevent cracking 
of the soaked seeds, and the low temperature and the aeration to enhance it. 

Low initial moisture contents*) and aeration®) expedite water absorption of seeds. 
Cracking of soaked seeds is associated with rapid absorption of water. Since a strong 
solution reduces water-uptake of seeds'°), it prevents the soaked seeds from cracking. 
Tissues of seed are unevenly swollen by rapid absorption of water and by unequal 
jmbibition and elongation under low temperature, in which case cracking occurs in 
them. 

Cracking occurs not only in cotyledon but in embryo axis. The soaking con- 
ditions which inhibit germination of soaked seeds are in agreement with the ones 
which augment cracking of them. It is found that embryo axes excised from coty- 
ledons are able to continue the growth"). It is, therefore, impossible to suppose 


that the cracking of embryo axis is the immediate cause of the inhibition of germi- 
nation by soaking. 


Summary 


To study on cracking of seeds with water soaking were used beans (kidney bean, 
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soybean) with different initial moisture contents. 

Cracking occurs in both cotyledon and embryo axis in process of soaking. One 
or more transverse fissures extend partially or completely across the cotyledon or 
the embryo axis. 

There is a direct relation between cracking and initial moisture content of seeds. 
Well-dry seeds produce many fissures by soaking under any conditions. An increase 
of initial moisture content of seeds prevents them from cracking, and well-moist 
seeds are rarely cracked by soaking under any condition. As to seeds with a me- 
dium initial moisture content, the cracking is enhanced by low temperature and 
aeration during the soaking process and reduced by a high concentration of sucrose 
solution. 

Cracking of seeds occurs rapidly within 4 hours after the seeds were placed in 
water, and is negatively correlated with soaking of long durations. 

Cracking of embryo axis directly impedes the germination. 


I wish to express my thanks to Professor Dr. M. Kusa for the microphotographs 
appearing in this paper. 
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Ecological Studies of Sasa Communities 
Il. Seasonal Variations of Productive Structure and 
Annual Net Production in Sasa Communities* 


by Yasuyuki OSHIMA** 


Received December 2, 1960 


In a previous paper!) it was clarified that the differences in standing crop of 
various Sasa communities were mainly caused by longevity of culms and rhizomes 
and no significant differences were found either in the leaf amount or in the light 
intensity in the communities with different standing crops. Elucidation of the rela- 
tionships among these characters is awaiting a study which is concerned with the 
variation of productive structure in the course of community development. 

Since Monsi and Saeki?) had devised the stratifying clip method and established 
the method for growth analysis of plant community, studies on this line have inten- 
sively been carried out by many investigators?-!°). Some schemata also have been 
submitted concerning dry-matter reproduction, which determines the development of 
plant communities not only in quality but also in quantity®:"!). The Sasa community, 
the growth of which has not yet been studied from this viewpoint, is surely of great 
interest. 

In the present paper seasonal variation of productive structure mainly of closed 
S. kurilensis community at Mt. Waisuhorun (60km. W from Sapporo, southern Hok- 
kaido: Station D in a previous paper')) will be discussed on this line. Moreover, 
after the estimation of the annual dry weight increment, i.e. net production of the 
community, its ecological meaning on the development of the community will be 
discussed. 


Variation with Time of Productive Structure 


Sampling and measurements were made at the same stations and by the same 
methods as described in a previous paper’). 


1. Total weight 


In Table 1 are shown the seasonal variations of plant height, and of dry weights 
of leaves, culms, subterranean parts and the total in closed Sasa kurilensis com- 
munities at Mt. Waisuhorun and S. nipponica communities at Tomezuka (Station A, 
Mt. Kirigamine, Central Honshu). The former kept a fairly constant total dry weight 
of about 11kg./m.* in every season of 1958-1960. This indicates that an annual equi- 
librium is established between the increment of living parts and the shedding of old 
parts, bringing about a steady state in the community. The same seems to be seen 


in general in closed Sasa communities under optimal conditions (see also the S. nip- 
ponica community in Table 1). 


x A part of expense of this study was supported by a Grant-in-Aid from the Research Fund 
of the Ministry of Education. 


** Department of Biology, Faculty of Science, Tokyo Metropolitan University, Setagaya 
Tokyo, Japan. 


June, 1961 


OSHIMA, Y. 


281 


Table 1. Plant height, number of culms, and weights of leaves, culms and subterranean 
parts of Sasa kurilensis and S. nipponica communities. Waisuhorun (Station D), 
590 m. in altitude, southern Hokkaido; Tomezuka (Station A), 1700 m. in 
altitude, Central Honshu. 


Station | Waisuhorun Tomezuka 
Species Sasa kurilensis Sasa nipponica 
Sampling No. D-4 D-5 D-7 D-2 D-3 D-6 A-1 A-3 
: Apr. 12) Jun. 6 | Jul. 26) Aug. 8) Aug. 11| Oct. 13) Jul. 14 | Oct. 21 
pg cling date | 1959 | 1959 | 1960 | 1959 | 1958 | 1959 | 1957 | 1957 
Height (cm.) — 297 328 325 325 330 95 102 
No. of culms/m.2 27 28 28 27 29 28 | 354 258 
See Bere ie 2a a eee ©. See (Sees er * wt a S42 Se) Sa ee | 
Leaves (g./m.?) 
Fresh weight 840 815 895 875 850 820 665 620 
Dry weight 410 465 465 455 445 420 275 260 
Culms (g./m.?) 
Fresh weight 12400 | 13060 | 12670 | 12450 | 13005 | 12225 | 1475 1390 
Dry weight 7315 7635 7430 7280 7630 7090 605 510 
Subterranean parts (g./m.?) 
Fresh weight 11170 | 10650 9870 9340 9230 | 11300 | 1885 1910 
Dry weight 3910 2720 3150 2985 2955 4170 820. 845 
Total (g./m.?) 
Fresh weight 24410 | 24525 | 23485 | 22660 | 23085 | 24345 | 4025 3920 
Dry weight 11635 12820 | 11055 10720 | 11030 | 11680 | 1700 1615 
C/F ratio ZEA: 24.4 22.8 Aes) 23.8 26.8 574 5e2, 


2. -Leaf weight and leaf area 


The life duration of Sasa leaves was two whole years under favorable conditions. 


Dry weight of leaves (g./m.?) 
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Fig. 1. Variation with time in dry weights of total, newly 
formed (0), one-year-old (1) and two-year-old (2) leaves of 
a Sasa kurilensis community at Mt. Waisuhorun, Hokkaido. 


Fig. 1 shows the changes in 
dry weight of total leaves 
and of leaves of different 
ages in S. kurilensis com- 
munity. The foliation of new 
leaves is observed in July- 
August, and they increase 
their dry weight till the end 
of October. In this season 
most of the 2-year-old leaves 
fall. A part of the one-year- 
old leaves situated in the 
lower part of foliage is 
shed in September. The 
current-year- and one-year- 
old leaves do not change 
their weight throughout the 
winter season under the 
protection of snow against 
low temperatures and severe 
dryness of the open air (cf. 
Fig. 2). As the foliation 
compensates the shedding of 
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old leaves, the total dry weight of 
the foliage is kept almost constant 
throughout the year; in this case 
it is ca. 450g. dry weight/m.?. 

The ratios in dry weight of 
new leaves to the one-year-old 
ones in October in the communi- 
ties of S. kurilensis at Mt. Waisu- 
horun, of S. nikkoensis at Mugi- 
kusa Pass of Mt. Yatsugatake and 
of S. nipponica at Mt. Kirigamine 
were 1.7, 1.6, and 1.8, respectively. 
There seems to be no significant 
difference. The total foliage weight 
of the S. nipponica community was 
also nearly constant throughout 
the year (Table 1). From these 
results it may be concluded that 
the time trend illustrated in Fig. 1 
is a general feature of foliation and 
defoliation in closed Sasa com- 
munities of different species under 
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Fig. 2. Temperature distribution in the snow cover- 
S-D, snow surface at Station D (Mt. Waisuhorun, 
southern Hokkaido); S-B, snow surface at Station B 
(Mugikusa, Mt. Yatsugatake, Central Honshu). 
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favorable conditions. Unfavorable conditions may make the time trend not always 
the same as that mentioned above. A detailed discussion will be presented in other 
paper. 

As an example, seasonal variation of productive structure of S. kurilensis com- 
munity is shown in Fig. 3 together with vertical distribution of relative light inten- 
sity. Throughout the growing season there are no marked changes. 

With thawing of snow cover in late spring, a greater part of leaves and culms 
that have been bent down under the snow cover begin to recover their former pro- 
ductive structure by the strong elasticity of the culms. Some of culms, especially of 
aged culms having lost their elasticity, often remain as they bended. Consequently, 
the height of community is slightly lower from late spring to mid-summer than 
in autumn, and the leaves distribute in the former season vertically in a somewhat 
wider range than in the latter season. There is, however, no principal difference in 
the pattern of the productive structure in both seasons. At the end of June or the 
beginning of July—just after the vigorous elongation of new culms and branches— 
new leaves foliate at the uppermost layer of the community. Thus the new leaves 
decrease the intensity of light which the old leaves should receive. This makes most 
part of the shaded old leaves to defoliate with negative balance in dry matter 
economy. Hence, the lower limit of the foliage becomes higher and higher with the 
march of growing season. Thus, a productive structure of a closed Sasa community 
is maintained constant in quality as well as quantity throughout the growing period. 

On the Sasa kurilensis community leaf area index, extinction coefficient and light 
transmissibility of a leaf were also determined (Table 2). These measures were 


Table 2. Seasonal change of the leaf area index, the extiction coefficient and the relative 
light intensity (Imin) on the ground level of closed community of 
Sasa kurilensis at Mt. Waisuhorun (see Table 1 and Fig. 3). 


Sampling No. D-4 D-5 D-2 D-6 
Sampling date Apr. 12 Jun. 6 Aug. 8 Oct. 13 
Leaf area index bil 5a Hee 5.1 
Extiction coefficient — 0.75 0.73 0.74 

| 
Imin (%) 
observed range 0.01 1.1-7.1 1.0-5.4 0.9-7.3 
mean 0.01 b eal 2.6 Beil 
calculated — 2.2 | 2.2 ee 


nearly constant throughout the year; leaf area index, ca. 5.1, extinction coefficient, 
0.75, and light transmissibility, 0.09. Saeki'?) has presented the following equation 
concerning the light intensity (J) received actually by the leaves in a plant com- 
munity, Z/,=K exp (—KF)/(1—m), where m is light transmissibility of a leaf; the 
others are already mentioned!). Using the corresponding values obtained in the Sasa 
kurilensis community, the calculated light intensities at 2m. high were 4.8, 2.8 and 
1.9% in June, August and October, respectively. 

Such high utilization of light, and structural characters of the community—e.g. 
quick recovery of productive structure after thawing, maintenance of evergreen 
leaves—seem to be responsible for its large annual production. 


3. Light intensities on the floor of the Sasa community 


In a previous paper!) the author reported that the relative light intensity at the 
ground level falls in a narrow range of deviations in all Sasa communities studied. 
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For the analysis of stability of community, it needs detailed studies on the light 
intensities in the community throughout the year, as the light intensities can decide 
the fate of seedlings growing in the community. The mean relative light intensities 
and their deviation range measured in various seasons were 2-3%, and 1-7%, re- 
spectively. The light intensity calculated with the values of K and F in Table 2 
was at the ground level about 2% during the growing season. 

Light intensity at the ground level decreases rapidly with accumulation of snow. 
For instance, the relative light intensity was ca.5% at the depth of 5cm., and only 
0.1% at the depth of 20cm. The matter production of Sasa community under snow 
must be negligible because of low light intensity and low temperature. 


4, Seasonal change in weight of culm and subterranean parts 


No significant seasonal changes of culm weight are observed in a community of 
a certain species (Table 1); e.g. deviation of 7.1-7.6kg. dry weight/m.? was observed 
in the S. kurilensis community at Mt. Waisuhorun, and of 0.5-0.6kg., in the S. nip- 
ponica community at Mt. Kirigamine. There exists an annual equilibrium between 
the increment and the withering of culms. 

On the other hand, there is a clear seasonal change in the weight of subter- 
ranean parts,—it begins to decrease in the late spring and then rapidly decreases to 
reach a minimum in the summer, but recovers rapidly in the autumn. In the S. 
kurilensis community, the minimum of 3.0kg. dry weight/m.2 was observed in the 
middle of August, and the maximum of 4.2 kg. in October (see Table 1 and Fig. 4). 
Rhizomes occupy about 3/4 of the dry weight of subterranean parts. 

The greater part of annual incre- 1000 
ment on the non-photosynthetic system 
is mainly caused by new formation of 
the system, because main culms, 
branches and rhizomes of over one 
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ha leaves, culms, branches and rhizomes of the Sasa 
Fig. 4. Variation with time of total dry kurilensis community. F, Cc, CB and Cs at the 

weight of subterranean part in the Sasa kuri- curve indicate leaves, culms, branches and rhizomes 

lensis community. respectively. 
year hardly increase in height and thickness in the following years. The slight increase 


in weight of these organs in younger stage is caused : : 
membranes. g by the thickening of cell 


The weight of newly formed branches and rhizomes was estimated directly using 
a quadrat of 2x2m.? (Fig. 5). The annual increment of mean dry weight of new 
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culms was estimated indirectly. For the estimation, a large survey area on 25 m.? 
was prepared, in which the date of sprouting, the daily elongation rate in each 
developing stage of young shoots, the number of sprouting culms, the diameter at 
the third internode above the ground level, and the dry weight of culms of various 
height were measured. The mean diameter 


Table 3. Mean daily elongation in ; 
was 1.5cm., and the density, 2.7 culms/m.’. 


various height of young shoots of 


Susa kurilensis at The young shoots sprouted out late in May, 

Mt. Waisuhorun, in June-July. 1959 or early in June, 1960. The mean elonga- 
Hopirer voune if Mean an tion rate of young shoots in 1959 was shown in 
shoot (cm.) elongation reas Table 3. On the basis of these results, the 


ARG a — growth curve in dry weight of a Sasa kurilensis 
= 1.0 


community could be illustrated in Fig. 5. 
Abies 3.5 The height and weight of the new culms 
50-100 | 8.3 and branches increased rapidly in June and July. 
100-150 10.0 Early in July a maximum daily elongation of 
150-200 12.5 14.8 cm. was observed in a culm of 165cm. 
200-280 | 6.5 high. Even after attainment of the maximum 
280-302 | caw2u0 height, increase in the weight continued till 


the end of autumn. In the early stage of 
growth, new rhizomes showed the smaller rates of elongation and weight growth 
than did the culms and branches. They continued their growth with the same rate 
until the mid-autumn. By the end of the growth period, the increases in dry weight 
of newly formed culms, branches and rhizomes were respectively 390, 245 and 230 
g./m.?, and that of newly formed roots was about 80g./m.?; the latter was assessed 
with the ratio in dry weight of root to rhizomes which was mentioned before. 

The subterranean parts and older culms lose their dry weight in June and July 
with rapid growth of younger culms and branches, but afterwards they recover their 
weight rapidly, as mentioned before and in Table 4. A similar change of reserved 


Table 4. Mean dry weight of 20 dominant 3-year-old culms, which 
were in average 1.6cm. in diameter. 


| 


Sampling date Apr. 25, 1960 | Jun. 4, 1960 Aug. 18, 1959 | Oct. 12, 1959 
Main culm (g.) | 237 | 231 192 243 
New leaves (g.) -- | — 18 31 
New branches (g.) — | 0.4 17 24 
Old leaves (g.) 43 46 32 17 
Old branches (g.) 105 100 98 82 


starch in culms and rhizomes was recently reported by Uéda et al.'*) in Plezoblastus 
pubescens. Here come into question the translocation of reserved substances. into 
newly formed tissues, the amount of respiration loss in reserve organs, and the 
translocation of photosynthate into culms and subterranean parts’). 

The ratio of conversion from reserved substances into active organs, i.e. Midori- 
kawa’s “economic ratio ”’) or Monsi’s “transformation factor ”!!) was about 0.5-0.6 in 
Aconitum’), potato’), and Helianthus tuberosus'*). The ratio in Sasa kurilensis calcula- 
ted from the data in Figs. 4 and 5 is also about 0.5. The rapid growth of culms and 
branches in early summer takes place under sufficient supply of reserved substances 
from well developed rhizomes and culms of older ages. On the other hand, some 
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suppressed culms and branches must be forced to die in the shade of foliation of 
new leaves. Consequently, it is probable that the substances necessary for the growth 
of new culms, rhizomes and roots in the early growing stage are almost covered by 
the stored material in the well-developed rhizomes, and the substances for the new 
branches mainly by the storage in the older culms. These characteristics of Sasa 
which are advantageous to the maintenance of the constant productive structure may 
contribute to high productivity, and consequently to the dominancy in competition 
with other plants with different pattern of matter reproduction’®."'). 

Logarithm of dry weight of 
main culms of the same age 
increases linearly with increase 
in diameter measured at the third 
internode above the ground level, 
except for the suppressed ones 
(Fig. 6). The weight of the main 
culm increases with increasing 
age, in spite of no marked 


Table 5. Ratios in dry weight 
of main culms to those of the pre- 
vious year. Measured in Sasa 
kurilensis at Mt. Waisuhorun, on 
October 15, 1959. 


Dry weight of individual culm (g.) 


Culm diameter (mm.) 

Fig. 6. Relation between the diameter of the third 
internode above the ground level and the dry weight of 
culm of Sasa kurilensis in October. Open circle, solid, 
triangle and cross marks indicate the culms newly formed, 
one year old, two years old and more than three years 4th year/Srd year 1.00 


lst year/current year | 1.20 
2nd year/lst year 1.10 
3rd year/2nd year 1.04 


old of age, respectively. 


increase in diameter. By using these linear relations between the dry weight and the 
diameter, which were easy to measure directly in the stand, the rate of annua] 
increment of older main culm was calculated for each age (Table 5). It was assumed 
ae eae and rhizomes increased every year at the similar rate to that at which 
culms did. 


Annual Net Production of the Sasa kurilensis Community 


The amount of net production (Pn) is determined by the balance between photo- 
synthetic gain and respiratory loss during a given period, i.e. Pu=F(a—r)—Cre, where 
F, a, and r indicate the total amount of photosynthetic system and its photosynthetic 
and respiratory rate, while C and re, the total amount and respiratory rate of non- 
photosynthetic system (culms, branches, rhizomes and roots*.*.1°), The production 
is distributed into both systems, F and C, according to distribution ratio, which can 
be influenced by environmental conditions and determines the weight of both sys- 
tems after the period. Annual net production in a plant community is the sum 
of annual dry weight increment of both systems. In the case of a perennial com- 
munity, even if the annual dry weight growth is zero—in the S. kurilensis community 
at Mt. Waisuhorun, the total dry weight was rather constant for three years, 1958- 
1960 (see also Table 1)—the annual net production is given as the sum of total dry 
weight of newly formed parts and the annual dry matter increment in the older parts. 
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The total dry weights of newly formed leaves (4F), branches (4Cz), culms (4Co), 
rhizomes (4Cs), and roots (4Cw) were estimated from the data already illustrated in 
Figs. 1 and 5. Annual increment in dry weight of older culms (4Cy’) was calculated 
from the growth of culms in Table 5, and those of branches (ACz’), rhizomes (4Cs7) 
and roots (4Cw’) were calculated on the assumption that these organs increase in 
every year with the same rate as in 4Co. Moreover, the amount of branches 
withered within a year had to be added to correct the underestimation, because 
a part of branches lived only for two years. In the case of leaves at the end of 
autumn, the annual dry weight increment (4F’) of old leaves was estimated as 
a balance between the increment of 13% of new leaves and the loss by leaf shedding 
(Table 6). Yellowish leaves decrease their dry weight to 87% of green ones of the 


Table 6. Dry weight of newly formed leaves, culms, branches, rhizomes and roots in 
communities, of Sasa kurilensis and S. nikkoensis and dry weight increments 
of older parts in the former. In g./m.2/year, 


S. kurilensis S. nikkoensis 
New Old | New 
Leaves | 290 | 20 | 220 
Culms 390 | 150 | 
| | 610 
Branches 245 75 
Rhizomes 230 90 | 260 
Roots | 80 30 90 
Total 1235 365 1180 


Annual net production 1600 g./m.2 


same age, and dead culms, to 88%. If dead branches, rhizomes and roots also de- 
crease their dry weights to 88% of the initial ones as dead culms do and the sub- 
stances which disappeared from these organs are translocated into the living parts 
before withering, the annual net production may amount to 1425 g./m.?. 

The dry weight increments of each organ were also determined in the Sasa nik- 
koensis community in a subalpine grassland near Mugikusa Pass in October, 1960. 
The values obtained are almost the same as measured in the S. kurilensis community 
(see Table 6). The annual dry weight increments in each organ of different ages in 
S. nikkoensis, though not determined, seem to be similar to those in S. kurilensis, 
because the annual increases in total dry weight, i.e. the sum total of annual dry 
weight increments, of both communities slightly differ from each other (see Table 7). 


Table 7. Dry weight of non-photosynthetic system of aerial part (branches and main 
culms) of each age in closed communities of Sasa kurilensis and 
S. nikkoensis. Observed in Oct. 


Dry weight of each age (g./m.?) 


Community | 
Current | 1 | 2 23 
S. kurilensis-comm. 645 700 730 5225 
S. nikkoensis-comm. 610 585 660 390 


Here it may be concluded that the amounts of annual net production in closed Sasa 
communities of different species can be similar to each other under optimal environ- 
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mental conditions. However, this by no means implies that the annual gross produc- 
tion in closed Sasa communities is also nearly the same amount regardless of the 
differences of species. For example, annual total respiration loss appears to be larger 
in S. kurilensis community than in S. nikkoensis community, because the former has 
a larger non-photosynthetic system (see Table 5 and Fig. 3 in a previous paper')) 
with the same temperature coefficient of respiration. 

The annual net production of ca. 1.6kg./m.? in S. kurilensis community (Table 6), 
is larger than that of a 30-year-old birch forest (1.2 kg./m.?; unpublished) standing 
near the sampling station, and nearly the same or somewhat larger than those of 
deciduous or coniferous forests determined in Europe'‘~!") and Japan‘*), where the 
climate is similar to or slightly cooler than that of Mt. Waisuhorun. In herb com- 
munities, annual net production of 1.55 kg./m.? was estimated in Aconitum altherbosa 
at Mt. Hakkoda*). Although very few natural communities in Japan have so far been 
reported on their annual net production, their maximum standing crops are known 
of some grassland and high moor communities in cool temperature or subarctic 
zones*:!§-2°), Provided that a perennial herb community can represent its annual net 
production roughly by its maximum standing crop, it is evident that the productivity 
of the Sasa communities is nearly the same as or somewhat higher than those of herb 
communities with exception of extremely high productivity of Cirsium nipponicum'), 
Miscanthus sinensis?) and Phragmites communis'®) communities. 

Time trends of the daily dry weight increments of newly formed leaves, culms, 
branches and rhizomes, and of a stand in the Sasa kurilensis community are shown 
in Fig. 7. The increment of the stand reaches a maximum of 11 g./m.?/day late in 


~ 
=] 


Dry weight (g./m.?/day) 


Fig. 7. Seasonal variation of calculated daily dry weight increment in newly 
formed leaves (F), culms (Cc), branches (CB) and rhizomes (Cs) of the Sasa 
kurilensis community. 


July: this value is obviously far small in comparison with the maximum daily net 
production of ca. 20 g./m.2 in Aconitum community*) and ca. 30g./m.? in an artificial 
community of Helianthus tuberosus™). The growth period of Aconitum and Helianthus 
is limited to 4.5 and 5 months, respectively, while that of S. kurilensis at Mt. 
Waisuhorun is 6 whole months. The fact that in the Sasa community a large amount 
of annual net production is probably due to continuation of high productivity through- 
out the growing season, which is closely related to the specific structural characters. 
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Summary 


The characteristics of productive structure and its seasonal changes were analyzed 
in the closed Sasa kurilensis community at Mt. Waisuhorun, 60 km. W from Sapporo, 
Hokkaido, and in some other Sasa communities. Annual net production was also 
estimated in those Sasa communities. 

1. The S. kurilensis community showed a nearly constant standing crop of 11 kg. 
dry weight/m.? throughout the year. This means that the amount of newly produced 
part in each organ was almost equal to that of withered part. 

2. With the foliation of new leaves at the end of June, the 2-year-old leaves 
generally defoliated to keep the amount of whole leaves at a constant level of ca. 
0.85 kg. wet weight/m.’, or ca. 5 in leaf area index. Productive structure can rapidly 
recover after thawing from the inactive state in winter by strong elasticity of culms. 
These facts must play an important role for the large matter production and the 
large standing crop of the community. 

3. Relative light intensities under the Sasa community fall in a narrow range 
of 1-7%, the mean being 2-3%. Such low light intensities can prevent the invasion 
of other plant species. 

4, Dry weight of culms showed nearly a constant value, 7.5kg./m.?, throughout 
the year. The subterranean parts, however, varied in dry weight, i.e. the maximum 
of 4.2kg. in early November and minimum of 3.0 kg. in mid-August. Culms, branches 
and rhizomes newly formed during the growing season were 390, 245 and 230g. dry 
weight/m.”?, respectively. A linear relationship was observed between the diameter 
and the logarithm of dry weight of culms. 

5. The decrease of dry weight in culms and rhizomes, probably of reserved 
starch was recognized in late spring-early summer when the rapid growth occurred, 
and then increased till late autumn. Transformation factor from reserved substances 
into active organs appeared to be 0.5. 

6. Sasa kurilensis community kept its daily net production at fairly high level 
throughout the growing season, and a maximum of newly formed increment was 
about 11 g./m.?/day. The annual net production was estimated to be 1.6 kg./m.?/year. 

7. Productive structure and its seasonal variation were studied also in S. nip- 
ponica- and S. nikkoensis-communities. The latter could achieve almost the same 
amount of net production as that of the S. kurilensis community, in spite of the 
smaller standing crop. 


The author wishes to express his gratitude to Prof. K. Hogetsu of Tokyo Metro- 
politan University and Prof. M. Monsi of the University of Tokyo for their guidance 
and suggestion under which this work was carried out. Thanks for help of various 
kinds are also due to Mr. I. Matsuoka, Mr. O. Tonouchi, Dr. B. Midorikawa and Mr. 
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Physiological Studies on the Fertilization in 
Lythrum salicaria Linn, 
I. Presence of Pollen-germination Inhibitors in the Ovary 


by Tamio TATEBE* 


Received December 15, 1960 


The physiological mechanism causing self-incompatibility of the homomorphic 
(homostylic) plants is considered to be due to some inhibitory substances contained 
in the pistil. On the other hand, very little is known as yet regarding the physio- 
logical mechanism controlling incompatibility of the heteromorphic (heterostylic) plants. 
The problem of heterostylism in Lythrum salicaria has been investigated by a num- 
ber of workers since the time of Charles Darwin'). From the pollen-tube behavior 
of Lythrum salicaria, Schoch-Bodmer?) supposed that the mechanism causing incom- 
patibility should be due to some inhibitory substances contained in the pistil. How- 
ever, the physiological evidence for her hypothesis is not clearly established as yet. 
Esser®) described that in Lythrum salicaria the addition of stigmatic, stylar, or pollen 
extract to a culture medium showed neither an alteration in the percentage of 
pollen germination nor an acceleration or inhibition of the pollen-tube growth. In 
the present experiments, the addition of crushed stylar tissue to a standard medium 
showed a slight inhibition of pollen germination. But the addition of crushed ovarian 
tissue induced a strong inhibition of pollen germination. The results obtained and 
their significance will be described in the following pages. 


Material and Methods 


The material used, Lythrum salicaria Linn. var. roseum superbum Hort., was 
raised from commercial seed. As is well known, Lythrum salicaria is a tristylic 
plant, viz., (1) long-styled plants having long style, mid stamens (mid pollen), and 
short stamens (small pollen), (2) mid-styled plants having mid style, long stamens 
(large pollen), and short stamens (small pollen), and (3) short-styled plants having 
short style, long stamens (large pollen), and mid stamens (mid pollen). Generally 
speaking, the pollinations between stigmas and anthers at the same level are com- 
patible (legitimate unions), but those between stigmas and anthers at different levels 
are incompatible (illegitimate unions). After Bodmer‘) and Esser’), a standard medium 
composed of 1 per cent agar-agar and 25 per cent sucrose (about pH 5.4) was used 
in the present tests for pollen germination. To prepare the test media, the fresh 
pistillary organs were crushed in an agate mortar, into which a small amount of 
the standard medium was poured and stirred thoroughly, and then the mixture was 
rapidly poured into a petri-dish (60 mm. in diameter). The number of the pistillary 
organs which were added to the standard medium was as follows. (1) Stigma and 
style: 3 in long-styled flower, 4 in mid-styled flower, and 10 in short-styled flower. 
(2) Ovary: 4 in each flower type. After the pollen was brushed on the medium, 
the petri-dish was transferred into a moist chamber (a zinc box containing a little 
water at the bottom). The experiments in 1958 and 1959 were carried out at room 


* Kamiizumi-cho, Ibaraki-shi, Osaka-fu, Japan. 
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temperature (about 22°). Bodmer‘) reported that the optimum temperature for pollen 
germination in Lythrum is 25-27°. Following her data the experiments in 1960 were 
carried out in a thermostat regulated at 27°. 


Results 


The pollen of Lythrum salicaria germinated well and developed long pollen-tubes on 
the standard medium. Table 1 gives the average percentage of pollen germination 
from experiments carried out repeatedly, the length of pollen-tubes being incapable 
of measuring, because the pollen-tubes were long and entangled with one another. 
The addition of crushed stigmas and styles to the standard medium showed no 


Table 1. Pollen germination on standard medium. 


% seria (No. of pollen grains observed) 
Pollen from a eee ee + ee Se —_—_— 
1958 | 1959 1960 
IM 56.2 (978) 59.2 (4120) 71.1 (5198) 
1S 81.2 (739) 72.5 (5011) 88.2 (5005) 
mL 76.1 (813) 65.3 (5820) 60.5 (6275) 
mS 86.9 (756) 76.4 (4871) 89.1 (4798) 
sL 68.3 (909) 57.4 (5610) 67.5 (4936) 
sM 60.1 (859) 70.0 (4242) 82.4 (5746) 


1: large-pollen, m: mid-pollen, s: small-pollen, L: long-styled flower, M: mid-styled flower, 
and S: short-styled flower. Combined symbol IM indicates large-pollen from mid-styled flower, 
and similarly so forth. 


marked effect on pollen germination, as was reported by Esser’). On the contrary, 
the pollen germination was inhibited strongly on the medium into which crushed 
entire pistils were added. Further, the addition of crushed ovaries to the standard 
medium inhibited very strongly the pollen germination in the cases corresponding to 
illegitimate unions, suggesting the existence of some inhibitory substance or sub- 
Stances in the ovary. Unexpectedly, the pollen germination in the experiments cor- 
responding to legitimate unions was also inhibited by adding crushed ovaries to the 
standard medium, as was confirmed by repeating the experiments. 

The results presented in Table 2 show, from the first line to the fourth, (1) the 
germination tests of small pollen from long-styled flowers (sL) on the standard 
medium, (2) those on the medium added with crushed stigmas and styles from long- 
styled flowers, (L), and (3) those on the medium added with crushed ovaries from 
L, the latter two corresponding to illegitimate unions. The fourth (4) shows the 
results of germination tests of large pollen from mid-styled flowers (IM) on the medium 
added with crushed ovaries from L, which corresponds to legitimate unions. The same 
classification of the germination tests as just mentioned above was followed in the 
subsequent categories. The data given in Table 2 indicate the averages of the values 
obtained by the experiments repeated 10 times in each tests. Upon a careful inspection 
of the data obtained in 1959 and 1960, it will be noted that in illegitimate combinations 
the addition of crushed stigmas and styles to the standard medium is slightly inhi- 
bitory to pollen germination, but that of crushed ovaries induces a strong inhibition. 


In legitimate combinations, the addition of Ovaries causes a medium inhibition to 
pollen germination contrary to expectation. 
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Table 2. The effect on pollen germination of adding the crushed pistillary 
organs to the standard medium. 


| | % Germination | % Pollen 
Median, | Pollen (No. of pollen grains obs.) | bursting* 
| from (gS Sse |—--—_—___ 
| | 1959 | 1960 1959 | 1960 
Standard medium | sL 57.4 (5610 67.5 ( 4936) 4.0 1.3 
++stigmas and styles from L | sL 55.9 (7192) 77.0 ( 9692) 42.3 28.0 
-+ovaries from L sL 3.0 (5324 15.7 ( 8841) 100.0 98.5 
+ovaries from L | IM Grom Foe) "55.9 (9253) 97.2 93.0 
Standard medium mL 65.3 (5820 | 60.5 ( 6275) Ong ny 
-++stigmas and styles from L mL GA Wi G521 Viste eG 9473) 27.8 G/L 
+ovaries from L | mL PAN py 1.6 ( 8632 96.2.) 100.0 
+ovaries from L 1 lS BOl4 pa Giii) 51.4 (10133 93.3 98.6 
Standard medium - sM 70.0 (4242) 82.4 ( 5746) Pash 0.7 
+stigmas and styles from M sM 63.8 (6822) 64.5 ( 8372 30.1 20 
-+ovaries from M sM 21.6 (7654) gfe (Gees 98.8 99.0 
+ovaries from M mL 20.0 (7592) 20.4 ( 8721) 97.4 98.3 
Standard medium | IM 59.2 (4120) | vas ( 5198 9.8 4.2 
+stigmas and styles from M | 1M Silene) | 76.9 (10543) 53.5 7.0 
+ovaries from M 1M A LI NG733iy) 15.8 ( 7841) 100.0 99.2 
+ovaries from M mS 48.8 (7045) 43.3 ( 8642) 100.0 | 100.0 
Standard medium 1S (2.0. (S011) i 68.2" 5005) 3.9 siete 
+stigmas and styles from S 1S 53.5 (6561) | 67.9 ( 9091) Zio 6.4 
+ ovaries from S$ 1S 2950 (5235) 5.5) 1.9233) 100.0 | 100.0 
+ovaries from S sL 38.8 (4493) 54.2 (11012) 100.0 93 .6 
Standard medium mS 76.4 (4871) 89.1 ( 4798) 0.3 alfa 
+stigmas and styles from S | mS 59.6 (6843) 68.1 ( 9253) 58.8 1.0 
+ovaries from S } mS 33.6 (7325) | Lie? (825219) 100.0 | 100.0 
+ovaries from S | sM 22.0 (4761) | 49.1 ( 9013) 100.0 98.9 
* Bursting pollen in total pollen germinated. 
Discussion 


Previously, Jost®) remarked briefly the immunological explanation for the pheno- 
menon of self-incompatibility in the homomorphic plants. At his time, however, 
little attention was paid toit. Afterwards, East*).’) suggested that a mutual reaction, 
analogous to the immunity reaction, occurs between stylar tissue and pollen-tubes. 
And he) proposed that “if we assume that the secretions of a pollen-tube bearing a 
given gene, say Si, act as antigens against the stylar tissue bearing the gene Si; if 
we further assume that the stylar tissue in which the S: is present forms antibodies 
against such a pollen-tube and thus inhibits its growth; then all requirements are 
satisfied ”, that is, immunity theory. This theory has recently been proved in parts 
serologically by Lewis*), and biochemically utilizing radio-active tracers by. Lin- 
skens®:°.1"), According to Lewis*), however, in. Oenothera organensis antibodies are 
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formed in the style without stimulation by pollen antigens, as was proved by double 
pollination. For, the first pollination with incompatible pollen does not enhance 
the inhibition to the second incompatible pollination. In Raphanus sativus, Kroh”) 
proved the diffusion of inhibitory substance from the stigma into a drop of gelatine. 
Consequently, the immunity theory has not yet been established convincingly. 

Only little is known as yet regarding the physiological mechanism controlling 
incompatibility of the heteromorphic plants. Zollikofer'*) reported that the grafting of 
style or the shortening of style in Primula enhanced fertility in illegitimate unions, 
suggesting the presence of some inhibitory substances. This finding is closely 
similar to those known in self-incompatible homomorphic plants, e.g., Brassica and 
Raphanus (Sears), Tatebe®.°) and Kroh!?)). In two homomorphic plants, Oenothera 
organensis and Prunus avium, Lewis'’) demonstrated that the rate of pollen-tube 
growth in compatible styles increases with a rise in temperature, while in incom- 
patible styles pollen-tube growth is retarded by high temperature. The same fact 
was also manifested in two heterostyled species, Primula obconica and P. sinensis 
(cf. Lewis?) ). According to Schoch-Bodmer?), the pollen-tube behavior of Lythrum 
salicaria suggests a mutual reaction, chemical but not physical, between pollen-tube 
and conducting tissue. As is well known, bud-fertility is noted in numerous self- 
incompatible homomorphic plants. Esser*) has recently described bud-fertility in 
Lythrum salicaria. This is the first case of bud-fertility reported in the heterostyled 
plants. According to Esser’), and Esser and Straub‘’), the mechanisms of incom- 
patibility in hetero- and in homomorphic plants closely resemble each other, sup- 
porting in part the immunity theory. 

Genetically speaking, there are two types of self-incompatibility in the homo- 
morphic plants, that is, gametophytic and sporophytic. Both types are governed by 
multiple alleles at a single locus, S, and rarely by alleles at two different loci. In 
the gametophytic system, pollen behavior is determined gametophytically by the S 
allele contained in pollen grain itself. While in the sporophytic system, pollen be- 
havior is determined sporophytically; in other words it is controlled by the paternal 
genotype. In the gametophytic self-incompatible homomorphic plants, autopolyploids 
produced by colchicine become often self-compatible, e.g., Antirrhinum and Petunia"). 
On the other hand, in the sporophytic self-incompatible homomorphic plants, auto- 
polyploids do not change their incompatibility relationships, e.g., Brassica and Rapha- 
nus'*.*°), With respect to the heteromorphic plants with sporophytic system, Esser*) 
has failed in Lythrum and Fagopyrum to remove the incompatibility by the chromo- 
some doubling. 

. Some fifty years ago Correns*') found, in self-incompatible Cardamine pratensis, 
stigmas from an individual squashed in a drop of cultural medium to inhibit the 
germination of its pollen. His experiment thus suggests the presence of inhibitory 
substances in the stigma. This inhibitory effect was induced with stigmas not only 
from the same individual, but also from other ones. Self-incompatibility in Petunia 
violacea was investigated by observing pollen and pollen-tube behavior on the cultural 
media which contained stigmatic secrete, crushed pistil, or crushed ovary, and by 
some other experimental procedures, e.g., the grafting of style and the shortening 
of style (Yasuda’)). On the basis of the data obtained by a series of tests, he pro- 
Pee ie nes aoe prnggres in the placenta which diffuse 
Pn leet o penis Pa accelerate cross-fertilization. On the other hand, 

: eC gi ybrida the addition of crushed style or stylar extract 
to a medium to inhibit not only the pollen-tube growth of the pollen of the individual, 
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from which the style was excised, but also that of the pollen from other individuals. 
According to him, therefore, the pollen-tube growth in self- and cross-pollination 
can not be distinguished by the germination test on the medium containing crushed 
style or stylar extract. Tatebe*‘) has also pointed out in Raphanus sativus that the 
addition of crushed pistils to a medium checks not only self-pollen, but also cross- 
pollen. 

As has been mentioned above, in Lythrum salicaria the addition of crushed 
ovaries to the medium inhibits the pollen germination in legitimate as well as in 
illegitimate combination. This finding in Lythrum salicaria resembles those found 
in self-incompatible homomorphic plants, Cardamine pratensis, Petunia hybrida, and 
Raphanus sativus. Consequently, it seems likely that the present experiments in 
Lythrum salicaria support the view of immunity theory, as in the case of the self- 
incompatible homomorphic plants. However, further experiments are needed to sub- 
stantiate the hypothesis put forward here. 


Summary 


The pollen of tristylic Lythrum salicaria germinates well on a medium composed 
of 1 per cent agar-agar and 25 per cent sucrose. The addition of crushed ovarian 
tissues to the medium inhibits the pollen germination in legitimate as well as in 
illegitimate combination. As is known in some self-incompatible homostylic plants, 
the addition of crushed pistils to a medium inhibits the pollen germination and 
pollen-tube growth in cross- as well as in self-combination. Basing on this simi- 
larity, it is likely that the incompatibility in tristylic Lythrum salicaria should be due 
to some inhibitory substances. 
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BPTI ARSIMO LI, MARIS Lo CERNE 3 AHO Rie SIEBER 4 CRM CHS. 
EDAEBHLA TRB (25% y 2 HH, 1% FER) ECE < FE LIEM ER HES. ORAIC TERMITE In 
RCH ORAARE Fie 5k, TEMOREIL, RAEO MAIC CRU MAE, ELMAMS Ic 
IVT HPEOMBME 5 itte. HCC ARMA Ic sU Cl, KethITwD LAO fARRIT & CIE O 
FEA ARE Tie 5k, AR DON MAO TEM OFS EM HO MEDMA SH SBSMA HTS. 

GEKA RARBG EOD BEHEIL, DL NAOHOMMMAIC ES bDLEFAZATWS EMS 2, RATER 
DRED RHEL, GOLOAERIELA YL RAORE CHS. LOaaueiES ORR, ARAN 
SHORE Uic MAMA OEIC LOO Cite kL ERSFHMLEWICS 6 eo TX. SHOR 
MSR 1 8 YO POTMORRT RAI Rh SMMC SBE LEAL TS. CKBMRATH 
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Studies on the Phosphorylase Action in Plants 
I. Histochemical Investigation of Phosphorylase 
in Growing Leaf Epidermis 


by Isao KATo* 


Received December 19, 1960 


Yin et al.'.*), using a histochemical method, have found strong action of phos- 
phorylase in stomatal guard cells of tobacco and broad bean leaves, and suggested 
that the enzyme plays a part in stomatal movements by changing osmotic value of 
the cells. 

Although in leaves of a variety of plants, phosphorylase action likely appears 
solely in guard cells, in Phytolacca americana and Datura tatula, it is detectable also 
in other epidermal cells other than guard cells (Kato and Fukuda’)). On the other 
hand, Konagamitsu and Ono‘) have observed the phosphorylase action in epidermal and 
mesophyll cells of young leaves, but only in guard cells of mature leaves of liliaceous 
plants. 

The purpose of the present study is to disclose more definitely the change in 
distribution of phosphorylase in growing leaf cells so as to gain some clue to the role 
which may be played by the enzyme in plant cells. 


Material and Methods 


The leaf epidermal tissues of Tvadescantia reflexa, Datura tatula and Vigna catiang 
were used as the experimental materials. Most experiments were made with Trades- 
cantia, because of the ease of stripping off epidermal tissues from the leaf blade. 

The slices of stripped epidermis were incubated for about 24 hrs. in a reaction 
mixture which was kept at 25° in a thermostat. Then the materials were stained 
with iodine solution, and were examined under a micro- 
scope to see whether starch is formed or not. The 
control samples were incubated in the reaction mix- 


ture without G-1-P (a-p-glucose-1-phosphate). 
The reaction mixture consisted of 1% G-1-P so- | d 
lution, adjusted to pH 6.0 with acetate buffer, and a 
few drops of toluene which was known to increase the 
permeability of cells to G-1-P (Stocking')). } Cc 
Results b 
+ ee ; } a 
Experiment in Tradescantia reflexa Along the 


axis of a leaf blade (83~5 cm. in length) of Tradescantia, Fie Schematic eran of 
a zonal distribution of the age is present. Thus the , young leaf_(3~5'em. in length) 
blade was arbitrarily separated into four parts, namely of Tradescantia reflena showing 
a, b, c and d (Fig. 1). Epidermal tissues excised from four maturation stages (a, b, c 
b, c and d contained stomatal cells at different matura- and d) examined. 
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tion stages and those from part a were consisted solely of meristematic cells, as 

shown in Fig. 2. = ; os 
(A)~(D) in Fig. 2 show starch formation in epidermal tissues treated with a nia 

solution. Each protodermal cell in the basal part (part a in Fig. 1) Scenes s 


$ * 
<f 


a a 


Fig. 2. Starch formation in parts a, b,c and d of leaf epidermis of Tradescantia re flexa 
treated with G-1-P solution. Stained with iodine (xca. 300). A~D, treated with G-1-P, 
A’~D’, untreated with G-1-P. 
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of amylose type turned blue with iodine solution (Fig. 2A). This starch is the pro- 
duct of phosphorylase action in the tissue, because it was not detectable in the con- 
trol (Fig. 2 A’). 

In the stage of stomatal mother cells in part b of Fig. 1, phosphorylase action 
was detectable in every cell of the tissue, but a strong action was found in the 
mother cells and a fairly strong action was also seen in the subsidiary cells sur- 
rounding the mother cells (Fig. 2 B). In the control tissue, however, there was no 
starch formation (Fig. 2B’). 

In part c, in which guard cells and stomata are formed by the division of stomatal 
mother cells, starch formation, i.e., phosphorylase action was remarkable in guard 
cells and still remained in subsidiary cells though weaker than that in the former 
stages (Fig. 2C). In the control tissues no starch formation was observed (Fig. 2 C’). 

In the epidermis which was at perfect maturation (part d in Fig. 1) phosphorylase 
action was strong only in guard cells and not detectable in subsidiary and other 
epidermal cells. By the way, some guard cells at stage d contained starch grains 
a priori, so epidermal tissues containing no starch as shown in Fig. 2 D’ were selected 
for the present use. 

The localization of phosphorylase was also examined in transections of young 
and grown parts of a leaf blade. In the young part (part a in Fig. 1) strong action 
of phosphorylase was found in every epidermal cell rather than in mesophyll cells 
(Fig. 3E), but in the older part (part d in Fig. 1) the enzyme action was found only 
in mesophyll and guard cells, and not in epidermal cells (Fig. 3 F). 


Fig. 3. Transections of a leaf blade of Tradescantia reflewa treated with G-1-P solution. 
Stained with ionine. (xca. 300). E, young epidermis. F, mature epidermis. 


Fig. 4. Starch formation in shoot apex of Tradescantia re flexa. Stained with iodine. (xXca. 
300). G, longisection of vegetative shoot treated with G-1-P. G’, control. 
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was also found in vegetative shoot apex of 


The strong action of the enzyme 
Tradescantia: in tunica, corpus and leaf primordia (Fig. 4G). 


Fig. 5. Starch formation in leaf epidermis treated and untreated with G-1-P solution. Stained 
with iodine. (xca. 300). Datura tatula----H, H’, young epidermis; I, I’, mature epidermis. 
Vigna catiang:---J, J’, young epidermis, K, K’ mature epidermis. 
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Experiment in Datura tatula and Vigna catiang Phosphorylase action in the 
leaf epidermis of Datura tatula and Vigna catiang was also investigated (Fig. 5). 
In Tradescantia rather regularly zonal distribution of stomatal cells with respect to 
maturity was found along the blade axis, while in Datura and Vigna, as is the case 
for most dicotyledons, no such regularity was found and different developmental 
stages of stomata were mixed in a mosaic fashion, and fully mature guard cells often 
appeared adjacent to stomatal mother cells. 

Starch formation was observed in all young epidermal cells (Fig. 5H,-J), but only 
in guard cells in mature epidermal cells (Fig. 51, K). 


Discussion 


The location of phosphorylase in epidermal cells other than guard cells has little 
been reported (Yin and Tung?.*), Alvin’), Maruo and Nakamura’), Ono?.!*), Fukuda 
and Kato!')). 

In this experiment the phosphorylase action was examined in the leaf epidermis 
of various developmental stages of Tyvadescantia reflexa, Datura tatula and Vigna 
catiang. In the early stage of development a strong action of the enzyme was found 
in every epidermal cell. With the maturation of the tissues the enzyme action be- 
came stronger in stomatal cells and weaker in the other epidermal cells until in fully 
mature epidermis it was found exclusively in guard cells. 

According to Kato and Kato?), in the leaf epidermis of Phytolacca americana and 
Datura tatula sometimes a remarkable phosphorylase action was detectable not only 
in guard cells but also in other epidermal ones. In view of the present findings it 
seems probable that the leaf epidermis tested by these authors was not enough 
mature. 

Yin and Sun‘) studied the distribution of phosphorylase in germinating seeds, e.g. 
those of soybean and found that the enzyme was present in root tip, young leaf and 
stem tip. Aimi and Kodera") reported that the enzyme action was rather strong in 
young roots, and weak in older roots and leaves of germinating wheat plants. 

In Tradescantia, as shown above, the strong action of the enzyme was found in 
various parts of vegetative shoot apex, i.e., tunica, corps, and protoderm and meso- 
phyll of primordial leaves, whereas the epidermis of grown-up leaf contained it only 
in its guard cells. . 

These results are consistent with an idea that the phosphorylase action may 
take a part in the regulation of osmotic values of the plant cells, which would as- 
sociate with stomatal movements in mature guard cells or with growth in young cells. 


Summary 


1) Phosphorylase action in the epidermal tissues isolated from growing leaves of 
Tradescantia reflexa, Datura tatula and Vigna catiang was investigated. The tissues 
were incubated with G-1-P, and starch formed was detected with iodine reaction 
under a microscope. 

2) In protodermal tissue a remarkable phosphorylase action was detectable in 
every cell. 

3) With the maturation of epidermal tissue, the phosphorylase action in differen- 
tiating guard cells or stomatal mother cells became stronger, while in other epidermal 
cells it became weaker until it completely disappeared. 
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4) Meristematic shoot apex cells which contained no starch showed positive 
phosphorylase action. 

5) It was presumed that phosphorylase action took an important role in the 
regulation of osmotic values of plant cells, which might be related to the growth of 
the young tissue as well as to the movement of stomata in leaf epidermis. 


The author wishes to express his gratitude to Emer. Prof. Dr. Yasona Fukuda 
and to Prof. Dr. Tetsuo Fujita for their guidance and advice in this investigation. 
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MR BHR: fkMic4Is0 S phosphorylase /F/AOMFE I. RFLBASARO 
se FY MAIC st S phosphorylase /¢}H 


1) 4< OM CRILMFLWHMMIC ILM 7e phosphorylase fe /HAMIHSHSDA, FLW AU < 
SiC FE Be AUR Ds B FERE Lo MEE AU CUT COMER DIV, ACIS, PATIBWHIC ITS 
MEO HRRC, Choo MIC IsIt+S phosphorylase (EHOW AFH4Y AIH, abyss 
FaVev7Tv-HAABIY, +H+TRMBL LU CHBULFWITRN LE. 

2) FR MMRITIS AAR CIA CA SAD EER RDEV, G-1-P AWITELTE<L, Mot 
ACO Mila a Be k 35 KRG (CASA) mT. 

3) FAPROARICONT, FCICAMELFLWHa Clit phosphorylase M/E HIE LEV ICME SP, F 
D {tL DBE AMM Slt BAIT GE > CH, BROTMLU CHM Cl FLW Alc OA phosphorylase M fE}H 78 
iBDbNS, 

4) XOAR RO HI SAV MRICS, ARIE CIRCA SA OFFER MDD, MRO G-1-P 
MBBS Lo CEO Fens kOPRGIEO Hike kc We phosphorylase (FAD RHANS, 

5) SILO FLWiMilalc ts'+ S phosphorylase /F Alice M MIO Bis EB LICM HHSC LICL 5 CRIL- 
DAPICA STS LEW dHSA, ShAIYO BASS phosphorylase (i, [Al U< BEBE AL CHEICH 
FTEOCLEWDLEEL NS, (KGKEREMAEM ERR) 
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Dorsiventrality in Sesamum indicum L. 
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SUR EILIL COA RIROMEL UCHEFS. % 
DROFRAICISV CH AH E & O FARO RAE 
tLWS. Le LSE*ZKHOLE CH, eI 
MORO DD DITA OBR EL UCHATS EO 
tMdS. KRHICOC OR XH REHM 
tk, CHE CCU <Y COHPOBSITMHSNTIS. 
Snow & Snow (1939!)) (i Epilobium hirsutum 
Dake Re ARO BAICI A LEOb, EO/Px 
Was b radialleaf*# 2%. ERB S%2ET < dds 
Ws, 42 Ufcltds 0 OER SAD bE Vike SH 
SE, LIE LITBHHMICHBATS CLEAWEL 
te. Wardlaw (19458), 19474), 1949a5)) ( Onoclea 
sensibilis CHIARA Lbes KL, HSwit 
Dryopteris Chr we Uicltkd> 0 © HEIGIES STA 
DODHET SL, HEKROMBARAESTS CLE Wee. 
Wardlaw (1949b*))it * 7% Dryopteris aristata Cc, 
SEO FEE TP ENLIE DS JAD DMESH SL, HOD 
bOICHFREFSTCLERAWEL, XbHit Cutter 
(19547)), Wardlaw (19558)) (Lis7e CHAWC, FER 
ZG EAD ba ME, EPEAT ETS © Ie 
kot, GHheHL UCHAS HST LITMBL 
fz. Sussex (19519), 195419), 195511)) jt Solanum 
tuberosum OD b HM Pea (i) & aa 
LC RGH Hak (centric organ) & 2% 7c. 
(195812)) jt Huphorbia lathyris O3J8% —4)#) 
LED BIZ centric organ O34: e MAL. 
HL za ~OYKEOPALKEOHI, EONSWH 
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DESO OBER AT S OL & BA Lic'8) 

Sussex!!!) |LRO RR GR SO Os O 
“Zt centric organ (COVWCOR KAS, BOR 
HEISE vin) MBs 5 < SWRIC Lo CRESNS 
& fin L7e. Wardlaw®) & Wain s) 22 ARRIC kB SAL 
&B2t. Lact Snow & Snow (1954a!4)) jt 
Sussex OfiaplC ld REM Da S LON. KOAH 
MD, Ife Solanum COR, Sussex OLA 
tt ) OA—Ke mL. EO CHR StL centric or- 
gan EL bD SACP RABM, ELV 
DKE SEM LEV MEE SAC, ROME 
SAIC LoCOXBECSEHSEOCELEVE BLE. 
ok, WIE MRASAAO bez bNSTE 
bit, eH A POA EMEA bo CR 
HERRBTSOLIHES. CHOEORANVICA AT 
SEZATFNC OV Clk Stic (Snow, 1954a, b'4» 
15); Sussex, 1954, 19551%11)) = L4LHSA, HWE 
HORAICOVCLERREN CaS 2 ONT 
Werks, COMIC OY CAS EROMEDDE Ch 
S. TCU, SYOBLHECwIS, COMM 
VY CORUR AR & BUGS S. 


MHE AE 

a~ Sesamum indicum L. #8 1 # (f#383£) 
O)RASIITB ROWE, BR 11 A CAICHAY 
WUD, ABATE CCAOE 10 AD Ee Ries 
SR, WLEIRIt dH ow Ch, CX baVEARM 
(buttress stage) (CE FE o CVS) MEXIA 
(RITA IL TF ANC ETE CHSA, 
OPGILAMICERL, 3 ABI X 200 ~250p & 


504 


te, PAEHEXEDS¥ SOIC S. ARE VICON7e 
Ltt, MEX LAK, KOPHEMSHC CT 
PeDoDPNAMIC), Bl HRALEIAT SL, VK 
EO MADD OENENIER ie PAVEA LK. TO 

& BBKORRLE UC]=090EC & RSW 
S; (1), COMARMO BREIL, AMWITAME 
C, EDE\ROBMRDNMICBIEBE P< SHEA 
bS. FOROA MAIC YMC here; (2), EOE 
(x, BUNT ITIA Strict b STALE O HMDS RIE 
HC, EORDSADSOMRE I CHM He 
ozte; (3), Qeiwic, COBMCT CCH 
VEDSMES: SiC. EU CHHA COM Fld 
4 ORE ALT CL Miemote. 

CH= CORES, Re Hi x DHARETC, 
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Fig. 1. Diagrams showing the shoot apex 
of Sesamum embryo and the positions 
of incision. Incision I, in the median 
plane of the apex. Incision II, along 
the adaxial border of the leaf primor- 
dium. Incision IJ, in the middle of 
the leaf primordium. A, side view. 
B, apical view. 
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Fig. 2. Three types of more or less lami- 


nated leaves (indicated by arrows) 
which developed after the incision II 
on the 1day-cultured embryos. A, 
nearly normal dorsiventral leaf. B, a 
leaf with the funnel-shaped lamina and 
the nearly centric petiole. C, a leaf 
with the spatulate lamina. All grown 
for 3 weeks after the operation. ca. x1. 
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Fig. 3. Centric organs and dorsiventral leaves that developed after the incision on the 1 


day-cultured embryos. A-F; incision II. G; incision I. Broken lines indicate the plane 
of incision. A; awl-shaped centric organ. C; nearly normal dorsiventral leaf. B; 
intermediate type between the centric organ and the dorsiventral leaf. D and F; 


original pair and the next leaf appearing oppositely to the first. E; transverse section 
of the petiolar region of the intermediate type, the structure of which is almost centric. 
G; transverse section of the two dorsiventral leaves, both accompanied by the regen- 
erated shoot respectively. A-C; x 37, D-G; x90 (A-C; traced on photographs), 
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a 


Fig. 4. Centric organs that developed after the incision III on the 1 day-cultured embryos. 


Broken lines indicate the plane of incision. A; slight swelling, formed from the abaxial 


half of the bisected primordium. B and C; centric organs developed from the abaxial 
half of the bisected primordium. All the adaxial halves developed to the dorsiventral 


leaves. 


tion of larger centric organ. 


D; transverse section of one of the smallest centric organs. 


E; transverse sec- 


A-C; x37, D-E; x90 (A-C; traced on photographs). 


Table 2. Effects of incision at different stages and in various positions upon 


dorsiventrality of the first leaf primordium. 


Operation stage 


24 hours after sowing 


| 48 hours after 


Resting embryo | sowing 
eduction of seistéu. as ar I nnd I I | ae asl oar 
PeiSrsivetival (%) 80.0 13.6 100 bi 6A OD to0 wh SeRate Me & 

Cee to ie? To) 0 0 a RRR fea 
MCantzio Ste) 7.0 | 954.6 0 |-39.7-| 27.7 | 0. ree 
“Degenerated (%) 0 13.6 Wah [1 gate | 72.3 | 0 i asia tit 
Total number , 15 22 | 15 68 18 : | in ea phon oe: 

* ad: lien half, ab; abaxial half, 
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Summary 


Effects of isolation and bisection of the leaf primordium by tangential incisions upon 
its dorsiventral development were studied for the first leaf of Sesamum indicum L. Inci- 
sions were made on the shoot apices of three stages, i. e., dormant, 1 day- and 2 day-cultured 
embryos, and in three positions, i. e., in the median plane of the shoot apex, along the 
adaxial border of the leaf primordium and in the middle of the leaf primordium. 

When the incisions were made in the median plane of the shoot apices of the dormant 
and the 1 day-grown embryos, the leaf primordia developed dorsiventrally. When the leaf 
primordia were isolated along their adaxial border from the apical meristem, they developed 
as centric organs in higher proportions after the operation at earlier stages than after that 
at later stages. When the leaf primordia were bisected tangentially, the abaxial half 
developed only as a centric organ, whereas the adaxial half formed every time a dorsiventral 
leaf. 

From above results, it is inferred that the principal factor determining leaf dorsiven- 
trality is the effects from the apical meristem, and that the intrinsic factor, if any, of the 
leaf primordium itself may be very faint or of secondary nature in its function. Moreover, 
it is suggested that dorsiventrality may become gradually intensified in the course of plasto- 
chron and perfect establishment of dorsiventrality may be attained at the end of the first 
plastochron. 
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Miscellaneous Note 


Kiyonobu Toyopa*: A Complementary Note on the Chlorophylls 
in Some Spermatophytic Seeds 


PREVHIE*: FEFHO?Z wa 7 1 VICOVY CO Ae 


Received August 10, 1960 


In a previous paper‘), the writer reported on the chlorophylls contained in some 
angiospermous seeds. Chlorophylls were further found in some spermatophytic seeds, 
which this paper refers to. The seeds investigated are as follows: 

1. Citrus erythrosa Hort. ex Tanaka and C. Kinokuni Hort. ex Tanaka. 

2. Euonymus japonicus Thunb. 

In the fruit of E. japonicus, there exist 1-5 seeds which have red arils. The 
seed has white seed-coat and white albumen, and a green embryo located in the 
inner part of the seed was used. 

3. Rhaphiolepis umbellata Makino and R. umbellata var. Martensii Makino. 

The outer layer of the pericarp of R. umbellata is dark-purple and the inner layer 
is green. The seed-coat is brown and covers the light-greenish cotyledons. The 
pigments in the cotyledons were studied. 

4. Ginkgo biloba L. 

The seed of Ginkgo has a soft episperm and a hard endopleura, and the inner 
part is filled with yellowish-white albumen. A yellowish-green embryo located in the 
interior of albumen was used. 

At first the green pigments were analyzed chromatographically in the same man- 
ner described in a previous paper'). Besides, lest the protochlorophyll should change 
into chlorophyll a’), the experiments were carried out using the seeds after they had 
been soaked in boiling water for 5-10 minutes. In some cases, after the green parts 
of the seeds had been exposed to the sunlight for 1-2 hours, the pigments were studied 
to see the influence of light. 


Table 1. The results of paper chromatography on 1 the pigments in some seeds (at 16-25°). 


Rf Aas and color® 


1) a) Citrus erythrosa 0.38 (YG) 0.80 (Y) | / 
b) C. Kinokuni 0.35 (YG) 0.58 (Y) — | 
Do. developed after exposing to the sunlight 0.27 (YG) 0.34 (BG) 0.52 (Y) | 
2) Huonymus japonicus | 0.18 (YG) 0.21 (BG) | 0.69 (Y) . 
Do. developed after soaking in boiling water 0.21 (YG) 0.80 Ly) 

3) Rhaphiolepis umbellata 0.23 (YG) 0.29 (BG) 0.57 (Y) | 0.97 (Y) 


Do. developed after soaking in boiling water 0.23(G) 0.55 CY) | 0.73 CY) | 0.96:Gy) 
Do. developed after exposing to the sunlight 10. 28 (YG) | 0.35 (BG) | 0.63 (Y) 
4) Ginkgo biloba | 0.52 (G) | 0.80 (Y) 
Do. developed after exposing to the sunlight . ns Gy 0.44 (BG) 0.68 (Y) | 0.95 (Y) 


° 


YG yellowish green; BG bluish green; Y. yellow. 
* Fujisawa Higher School attached to Nihon University, Fujisawa, Kanagawa, Japan. 


June, 1961 Toyopa K. 311 


The paper chromatography was carried out using carbon tetrachloride and the 
results are shown in Table 1. 


The chromatogram of the pigments of R. umbellata var. Martensii was similar 
to that of R. umbellata. 

The absorption curves of the green pigmnets of those seeds dissolved in acetone 
were taken with the aid of a Beckman spectrophotometer, and the results are shown 
in Figs. 1 and 2. 

From the results of these experiments, following conclusion may be drawn. The 
embryo of Citrus erythrosa has chloropoylls a and b judging from its absorption curves, 


ra 
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Fig. 1. Absorption curves of the seed pig- 
ments dissolved in acetone. 


A) Embryo of Citrus erythrosa. ——— shows 
the results after soaking in boiling water, 
—-- after exposing to the sunlight. 


B) Embryo of Huonymus japonica. —— after 
soaking in boiling water, --- in the dark. 

C) Cotyledon of Rhaphiolepis wmbellata. —— 
after soaking in boiling water, --- after 


exposing to the sunlight. 


= = 
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though it shows only the YG spot on the chromatogram. The embryo of C. Kinokuni 
also has chlorophyll a@ and a small amount of chlorophyll 0. 

The chromatography of the embryo of Euonymus was taken in two different 
ways; in the dark and after soaking in 
boiling water. A light BG spot which 10 
was found on the chromatogram of the 
untreated seed did not appear after soak- 9.9 
ing in boiling water. Little difference 
was, however, seen between the absorp- 0.8 
tion curves of those samples. The em- 
bryo of Euonymus japonicus seems to °%7 
contain chlorophylls @ and 0. 

A light YG spot with a large Rf °%6 
value was seen on the chromatogram 
of the pigment of the Rhaphiolepis 
cotyledons which had been extracted 
after soaking in boiling water. How- 
ever, a similar YG spot did not appear 93 
for the seed exposed to the sunlight, and 
the exposure to light seemed to enlarge 0.2 
the area of the BG spot. It is, there- 
fore, inferred that the YG spot having 01 
a large Rf value may be _ protochloro- 
phyll. The illumination may have trans- 400. 425. 450 475 500 550 600 700 
formed protochlorophyll into chlorophyll 
a. The cotyledon of Rhaphiolepis seems 
to contain chlorophylls @ and b, and pro- 
tochlorophyll (Fig. 1-C). 

The embryo of Ginkgo seems to have a large amount of caroteno‘ds, protochloro- 
phyll and a small amount of chlorophyll a. The results of chromatography indicate 
that protochlorophyll is changed into chlorophyll a by exposure to light. 

The seed-coat of Euonymus is semitransparent and it may transmit a faint light. 
While, the seeds of Rhaphiolepis and Ginkgo seem to be non-transparent due to thick 


seed-coat. It is worth to notice that chlorophylls were identical for completely non- 
transparent samples. 


0.5 


0.4 


Fig. 2. Absorption curves of the seed pig- 
ments dissolved in acetone. 
— Ginkgo biloba, --- Citrus Kinokunti. 
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Short Communication 


Tadashi Hrrata* and Kazuo Fuyita**: On Amino Acid Constitution 


of Poncirus Seed Protein*** 


SAK LE REFS DAF OPI AY -S7 AOR T 2 7 BICOW T 


Received April 28, 1961 


The properties of the proteins in the seeds were investigated with special reference 
to their amino acid composition. For detecting individual amino acids, high voltage 
paper electrophoresis has revealed to be most sensitive and reliable. 

Mature seeds of Poncirus trifoliata Raf. were used as the materials. 

Five g. of the material (eliminated the seed coat) were defatted with ethyl 
ether. The protein in the residual mass was extracted with 1/30 M. phosphate buffer 
(pH=7.0), containing NaCl in 10%. The protein in the extract was fractionated by 
salting out with ammonium sulphate. The flocculent mass of protein formed at each 
salt concentration was separated by centrifugation of the mixture. Each protein 
fraction thus obtained was dialyzed for 24 hours against the phosphate buffer, and 
then concentrated with carbowax. Each protein sample was hydrolized at 120° for 
3 hours with ten volumes of 1/6 HCl and buffered with formic-acetic acid mixture 
(pH=1.5). Two wl. of the sample was subjected to the electrophoresis (7 mA/cm., 
100 V/cm.) for 15 min. in the formic-acetic acid medium (pH=1.5), cooled in a m-hexane 
bath. The spots of the constituent amino acids were detected with ninhydrine and 
determined by comparing with those of the pure samples of amino acids applied on 
the same sheet. The optical density was measured with a densitometer. 

By comparing the density values of the amino acids in each hydrolyzate of the 
four protein fractions, the following results were obtained. 

On the other hand, the mixture of theprotein obtained in same way was subjected 
to the low voltage electrophoresis (0.5 mA/cm., 10 V/em., sample 0.003 m/.) for 3 hours 


Table 1. 

Amino acid | Ar- | | ‘ % Pret 
isoe | Aspatr 
: | ee ; Isoz5 1) ee A : ; 
Ga Moe _ Lysine oie.” Glycine] Alanine jencine, | Leucine| Proline | He tic 

(NH4)2SOx4 tidine Serine | Cystine 
0 ~0.4 | 1.00 | 1.63 | 2.50 | 3125 |-3.62 3.50 | 3.06 | 3.44 | 3.44 
0.4~0.5 HeIeOU © OO Meee ser bet Semen | DIET ed eae P2866, oP oLeR 
0.5~0.6— TOO MG A211 — e200 | 2.00 4.00 4.71 4.00 6.35 | 5.00 
0.6~0.8 1,00 -| 3.00} 4,78.| 3.22 | 4.56 | 4.00 | 4.1» | 9.78 | 7.56 
Distance of Prise) ise 16.0 | 14:4-| 1210) 11.7-)-1t-0 |-40.0- | 9.2 

Cataphoresis (cm.) | | | | 


* Department of Biology, Wakayama Medical College, Wakayama, Japan. 
*#t Department of Chemistry, Wakayama Medical College, Wakayama, Japan. 
+ Supported by the Grant in Aid for Scientific Research from the Ministry of Education. 
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in a medium of the phosphate buffer (pH=7.0). The spots of the protein were 
detected by B.P.B. dying, and the optical density was measured with a densitometer. 


The following Fig. 1 is graphical diagram of the distance of cataphoresis vs. the 


optical densities. 
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Fig. 1. 
The relations between the four hydrolyzated protein fractions in Table 1 and 
the protein fractions (I, II, III, IV) in Fig. 1 are being investigated. 
We express our hearty thanks to Prof. S. Kitamura and Mr. Y. Momotani for 


their advice. 
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Distribution of Aquatic Phycomycetes in Some Inorganic 
Acidotrophic Lakes of Japan* 


by Shizuo Suzukr** 
Received September 13, 1960 


Most Japanese lake waters are almost neutral, their pH value ranging from 6.0 
to 7.51). However, not a few strongly acidic lakes are found, which belong to or- 
ganic or inorganic acidotrophic types). In the former type the acidity originates from 
the humic substances contained in the lake water, while in the latter it is caused by 
the inorganic acids derived from the volcanoes. 

Since Tanaka’s work*) on Lake Onumaike, which belongs to inorganic acido- 
trophic type, many investigators have studied on the lakes of this type, and many 
excellent contributions to the floristic and faunal studies are now seen in the literature‘~?”): 
However, little attention has been paid on the microbial populations in these lakes'%). 
In the present paper the writer deals with the ecology of aquatic Phycomycetes in 
some inorganic acidotrophic lakes. 


Physico-chemical character of inorganic acidotrophic lakes 


General features of Lake: In general, the inorganic acidotrophic lakes of Japan 
are relatively small and shallow. The water color is remarkably blue as in many 


Table 1. Chemical analysis of the water in some acidotrophic lakes of Japan. 


Lake Locality pH ny, be ei Up sien | seh ibe | pei . 
Katanuma Miyagi 1.9 396 22.3 ni ans (ie | ee 
Akadoronuma Fukushima 2.75 289 278 9.15) = 495 
Fudoike Miyazaki 2.9 aoe, 0.62 — — — 
Akanuma Fukushima 3.8 324 14.55 i ges 106 166 
Sunuma r 3.8 Sis 0.46 1.8 8 511 
Hyvyotan-numa ” Al 442 0.25 IS) 162 133 
Kokenuma u” 4.3 442 0.16 2.6 202 144 
Hanarenuma a” AN, 262 Ont2 0.6 8 179 
Onumaike Nagano 4.4 és 0.72 = = = 
Aodoronuma Fukushima 4.4 326 0.07 lest 150 101 
Rurinuma ” 4.4 353 O517 282 90 195 
Aomiike a” 4.5 322 O15: — 16 ili 
Aonuma ” 4.6 260 0.04 1.4% 116 181 
Benten-numa 7 ae 364 0.01 ilgef 148 186 
Bishamon-numa ” bag 254 0.36 1.4 96 76 
Midoronuma ” 5.8 235 0.76 1.0 182 134 


* This report was presented partly at the annual meeting of the Japanese Society of 
Limnology, held in October 1959, at Toyama University. 

** Department of Microbial Chemistry, Faculty of Pharmacy, Tokyo College of Science, 
Shinjuku, Tokyo. 


318 Bot. Mag. Tokyo Vol. 24 


oligotrophic lakes, but it seems somewhat white. The water of Lake Akadoronuma 
and that of Akanuma are both reddish and very turbid owing to the suspended iron 
granules. Most other lakes, however, have a large transparency. 

pH: One of the most remarkable characters of these lake waters is the strong 
acidity caused by the sulfuric or hyrochloric acid from the acidic rivers or springs 
of volcanoes. The pH value of lake water is 1.9 in Lake Katanuma, 2.75 in Akado- 
ronuma, and 2.9 in Fudoike. 

Chemical character: The lake water of this type contains large amounts of 
mineral substances of about 1-2 g./I.12). Especially, sulfate, chlorine and calcium are 
present in large amounts (Table 1). The content of iron and that of manganese are 
also very high in comparison with those of harmonic lakes!’); for instance, more than 
5mg.//. are measured in some lakes. 

Organic substance in lake bottom: As the lakes of this type are often surrounded 
by Phragmites communis community along the shore, the substrata for the fungi are 
very abundant. In many cases, the lake bottom is thickly covered with the water 
mosses, Leptodictum riparium var. longiporium and Haprodia sp. 


Distribution of aquatic Phycomycetes 


Quantitative feature: In spring, the number of zoospores deviated in the wide 
range of 0-1800/10 m/. of lake water, and it increased with the decrease of the 
acidity of lake water (Table 2). The lower productivity of fungi in these lakes 
is perhaps caused by the strong acidity as well as physico-chemical specificity of the 
lake water. No saprolegniaceous fungi could be found in strongly disharmonic lakes, 
such as Lake Katanuma (pH 1.9), Akadoronuma (pH 2.75) and Bishamon-numa (pH 5.2): 
The disharmonic nature of the former two lakes is caused by the strong acidity of 
the lake water, while that of the latter by the mineral elements contained in large 


Table 2. Amount of zoospore and frequency of aquatic Phycomycetes 
in the water and the bottom mud of acidotrophic lakes. 


Number of zoospore Frequency of fungi 

in lake water | in the bottom mud 
(number per 10ml.) (%) 
Katanuma 0 | 0 
Akadoronuma 0 | 100 
Fudoike 21 0 
Akanuma 254 | 70 
Sunuma 700 | = 
Hyotan-numa 188 | 100 
Kokenuma 0 | = 
Hanarenuma 1020 | oo 
Onumaike 0 71 
Aodoronuma 9 | — 
Rurinuma 90 — 
Aomiike 1800 — 
Aonuma 2 : = 
Benten-numa 349 | 8 
Bishamon-numa 0 10 
Midoronuma 120 | 0 
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amounts (see Table 1). So far as the present investigations are concerned, Lake 
Fudoike (pH 2.9) is the most acidic lake in which the aquatic Phycomycetes is found. 

The aquatic fungi were very scarce or absent in the bottom mud of these lakes. 
‘The results obtained are also given in Table 2. The frequency of appearance of fungi 
‘was only 0-20 per cent to the total mud samples. This value is far small compared 
with that either in harmonic or in dystrophic lakes’). The bottom muds of Lakes 
Katanuma and Fudoike are a soft gyttja containing large amounts of deposited sul- 
fur, and that of Lake Midoronuma contains large amounts of iron granules and iron 
Dacteria. No saprolegniaceous fungi could be found in the bottom muds of these 
lakes. Absence of saprolegniaceous fungi in the former case must be caused by its 
strong acidicty, while in the latter case it may be resulted from other physico-chemical 
characters of the bottom deposit than pH. 

Qualitative feature: With the possible exceptions of certain species, the fungi 
distributing in acidotrophic lakes seem to be confined to chemical specificity of the 
lake water. The fungi isolated from the acidotrophic lakes investigated were only 
five species, in which Saprolegnia monoica var. acidamica was the preponderant 
Species, and distributed widely in most lakes of this type, while Achlya flagellata and 
A. racemosa were relatively scarce. The former of the last two species was found 
only in Lake Benten-numa and the latter in Lake Midoronuma. The distribution of 
Aphanomyces sp. had a close relation to the pH value of the lake water, and it was 
limited only in weak acidic lakes. 


Table 3. Distributions of aquatic Phycomycetes in the water of acidotrophic lakes. 


| Saprolegnia 
TU dg AetinGs | oeachlet | ARMANI | Pythian a. 
acidamica i 
Katanuma | - — = = = 
Akadoronuma - — = = ut 
Fudoike fe = Us gy a 
Akanuma eS — sa * Pe. 
Sunuma “f = = = 46 
Hyotan-numa aie 24 fo het = 
Kokenuma - = = = zs 
Hanarenuma Sri ~ _ = o 
Onumaike — = = = fi 
Aodoronuma + = a ~ 4. 
Rurinuma + - = ae a 
Aomiike k —- = a = 
Aonuma - = = ee = 
Benten-numa - - A ae = 
Bishamon-numa - — = = os 
Midoronuma an = “+ +f | aE 


The species number of the fungi found in sample water differed with the pH 
value of the lake waters. In general, the weak acidic lakes, such as Lake Midoro- 
numa and Benten-numa, were very abundant in species. Namely, four species were 
found in the former lake and three species in the latter. But Saprolegnia monoica 
var. acidamica was only the species found in another acidic lakes. This species dif- 
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fered from S. monoica in some physiological characters. For instance, it was made 
clear by culture experiments, that the resistivity of S. monoica var. acidamica against 
sulfate is higher than that of the other species. The result will be presented in 
the near future. 


Summary 


The distribution of the aquatic Phycomycetes was studied in some inorganic 
acidotrophic lakes of Japan. The lake waters show strong acidity of pH 1.9-5.8 
mainly owing to the dissociation of sulfur compounds. The lake waters contain large 
amounts of mineral elements, namaly, SO: 35.7-442 mg.//., Fe: 0.01-278 mg.//., Mn: 
0.6-9.1 mg.//., Cl: 8-202 mg./J., Ca: 76-511 mg./l. 

The aquatic Phycomycetes are scarce in these lakes. The number of the zoo- 
spores of the fungi is 0-1800/10 m/. in the surface water and increases with the 
decrease of the pH value of the lake water. The fungi are very scarce or absent 
in the bottom mud. Five species are obtained from these waters. Saprolegnia 
monoica var. acidamica is the commonest species in the water as well as in the bottom 
mud. The number of the fungus species increases with the decrease of pH value of 
the lake water. 
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Concerning the Variants of the Carex sachalinensis Group 
Taxonomic Studies of Cyperaceae 13** 


Tetsuo KOYAMA* 


Received February 21, 1961 


§ 34. Of all species of the genus Carex in eastern Asia, C. sachalinensis in a wide 
meaning seems to be taxonomically the most variable in every part of the plant 
body. Geographically, its quite continuous wide area spreads not only all over Japan 
but also in central China and southern Saghalien with more than thirteen local 
variants. Almost all these local populations were originally described by several 
authors as species, then some of them were reduced to varieties under five species 
by Ohwi in 1953. But more recently Akiyama again revived the rank of species for 
most of them. Such diversity in opinions has been chiefly caused by the limited 
number of material, because these sedges, occurring abundantly in common localities, 
nevertheless have not been collected sufficiently. This paper gives an evaluation of 
morphological characters and consequent taxonomic result of my studies made on 
a large bulk of specimens collected from every part of the area with the kind efforts 
of several plant collectors, among whom Mr. K. Mayebara, Mr. M. Furuse, Mr. I. Ito 
and Mr. K. Ogawa are specially worth mentioning. Most of the specimens used for this 
study are kept in the herbaria of the University of Tokyo (TI), National Science 
Museum in Tokyo (TNS), Kyoto University (KYO), Hokkaido University (SAP) and 
Kagoshima University (KAG), while some specimens from China have been checked 
in the herbaria of the United States National Herbarium (US), Gray Herbarium (GH) 
and the Arnold Arboretum Herbarium (A) of the Harvard University. My sincere 
appreciations are therefore also due to the directors and curators of these herbaria. 

(1) Morphological observations. The sedges here dealt with are 14 species includ- 
ing C. alterniflora, C. capilliformis, C. conicoides, C. cuneata, C. Duvaliana, C. Fer- 
naldiana, C. Mayebarana, C. pineticola, C. pisiformis, C. polyschoena, C. sachalinensis, 
‘CC. stkokiana, C. stenostachys and C. tenuinervis. Their common characters are the 
variously coloured basal sheaths without elongate blade, ellipsoid utricles tightly en- 
closing achenes with herbaceous walls and usually loosely disposed in spaced elongate 
spikes, and tight sheaths of bracts. In the classification of these species, the colour 
of basal sheaths first caught the investigators’ attention as by the purple-red sheaths 
C. sikokiana was separated specifically from its nearest ally, C. alterniflora, by both 
Ohwi and Akiyama. Likewise C. alterniflora, C. alterniflora var. aureo-brunnea, and 
C. pisiformis are characterized by the pale, orange-brown and dark chestnut 
colours of the outer basal sheaths, respectively. Differing from the so-called trifling 
colour characters, for instance the white flowered race of the coloured flowered 
species, the colour of sheaths in this case is regarded to be rather important because 
of its manysidedness and constancy. In my opinion, a varietal rank can be credited 
to a variant when it is based on such a colour character of the outer basal sheaths. 
In the table below are listed these species in accordance with the colour character 
of sheaths. 

I can not agree with the high evaluation of stolons as has hitherto been done. The 


* Department of Botany, Faculty of Science, University of Tokyo, Tokyo, Japan. 
** Part 12 is in press in Le Naturaliste Canadien (1961). 
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A table showing the colour of basal sheaths 


Colour of 


sheath Pale | Yellow-brown Orange-purple 


. capilliformis | C. alterniflora var. 


C. alterni flora 
aureo-brunnea 


. conicoides 
. Duvaliana 


C 

C . . 
C C. tenuinervis 
C. Fernaldiana 

C 

C 

C 


Plant name 
. alterniflora var. fulva 


| | C. Mayebarana 
| C. sachalinensis 
Colour of | F ne in = = 
sheath | pSCOuS / Red-purple Dark castaneous 
C. pineticola C. sikokiana C. polyschoena 
Plant name C. pisiformis 
| C. cuneata 
C. stenostachys 


presence or absence of stolons has been used for making specific segregation, for 
example C. cuneata differs from C. stenostachys by the elongate stolons only, so as 
the relation between C. alterniflora and C. tenuinervis. The degrees in the density 
of tufts are quite variable. C. stenostachys, which is densely tufted in large clumps 
as a rule, tends to become looser clumps of several shoots connected with elongate, 
creeping stolons. Though the latter form was described as C. cuneata, the discon- 
tinuity between the two became very obscure as I have detected an intermediate 
form called C. stenostachys var. Ikegamiana, which makes dense tufts but bears dis- 
tinct stolons. In this case, the tufts get less dense with the elongation of stolons as. 
the plants extend into the boreal, snowy region of Japan. As to C. sachalinensis, 
however, in the plants from Hokkaido and Saghalien stolons are less developed than 
in the plants from central Honshu. C. tenuinervis differs from C. alterniflora var. 
aureo-brunnea only in the absence of stolons. When these two were described, only 
a few localities were known in Kyushu and Shikoku, but since then many localities. 
have been added also from Kii peninsula and Tokai district. Although it is true 
that typical C. tenuinervis is restricted in Kyushu and Shikoku, while C. alterniflora 
var. aureo-brunnea occurs more frequently in Tokai district than in Shikoku and 
westwards, there are so many transitional forms in Shikoku that I failed to find just 
where to draw a borderline morphologically. If these two are united into one taxon, 
the distribution shows that it is a typical western Japanese example. The stolons of 
these sedges seem to have ecological or geographical significance to some extent, 
but in most cases they do not give any morphologically definite border. I am ac- 
cordingly unable to credit supra-varietal status to a plant if it depends upon presence 
or absence of stolons only. . 

Differing from such hypogean stolons, C. conicoides, C. pineticola and C. alter- 
niflora var. arimaensis bear epigean creepers on which they were based when named. 
In my observation, the epigean creepers are born apparently in accordance with the 
ecological conditions of the localities. When the upper part of rhizomes is kept 
above the soil not sheltered, its new elongation may easily appear in the epigean 
nature, though it might be hypogean if sheltered. In fact, I have seen several times 
such conditions in the localities of C. sachalinensis near Nikko. Further, a specimen, 
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Nikko T. Koyama 11044, has both kinds of stolons on the same stock. Like C. 
sachalinensis, C. pisiformis also bears both kinds of stolons from the same tuft more 
commonly. Usually in this latter case, we can see various degrees of stolons from 
ascending innovation shoots through epigean stolons to hypogean stolons, occasion- 
ally even in the same tuft. The occurrence of epigean creepers is nothing else than 
an ecological condition thus has no taxonomic significance. This view has already 
been suggested by my good senior Dr. M. Mizushima several years ago, but has not 
been published yet. C. conicoides and C. sachalinensis are therefore conspecific, as 
well as C. alterniflora var. arimaensis is synonymous with C. alterniflora itself. 

C. alterniflora has been separated from C. sachalinensis in the relative length of 
spikes to their bracts, namely in the former rather long blades of bracts conspicuously 
exceed the spikes on enclosed short peduncles, whereas in the latter the spikes on 
longly exserted peduncles invariably overtop their bracts. This dimentional difference 
is well correlated with the leaf characters that the blades are softer and unexcep- 
tionally more blunt-tipped in C. sachalinensis than in C. alterniflora. This character 
is reliable so far as I have seen specimens. 

The characters belonging to utricles have seldom been discussed except that 
C. sachalinensis var. longiuscula and C. alterniflora var. elongatula were separated 
from their mother species in their elongated beaks of utricles. The thickness of 
utricular walls together with the associated hair character fairly well separates the 
C. pisiformis and its close allies from the C. sachalinensis group. In C. pisiformis 
with its close allies including C. polyschoena, C. stenostachys and C. cuneata, the 
utricular walls are thick herbaceous with strongly elevated veins. The hairs on 
them are constantly dense. In the other sedges including C. sachalinensis, C. 
alterniflora, etc., on the other hand, the utricular walls are thick membraneous to 
thin herbaceous with hardly elevated faint veins usually. The hairs on them are, 
if present, of pubescence of varying degrees. When the colour of the outer basal 
sheaths is used for distinguishing C. pisiformis from C. alterniflora complex, it be- 
comes often difficult to separate the former from C. alterniflora var. aureo-brunnea, 
but the two entities in problem are to be coordinated in the same taxonomic rank 


Fig. 34. Utricles of C. sachalinensis group. A. C. Mayebarana Ohwi (=C. 
pisiformis Boott var. Mayebarana T. Koyama). B. C. sachalinensis F. Schmidt 
var. longiuscula Ohwi (=C. p. var. longiuscula T. Koyama). C. C. sachalinensis 
F. Schmidt (=C. p. var. sachalinensis Kiikenth.). D. C. sachalinensis F. Schm. 
var. iwakiana Ohwi (=C. p. var. sachalinensis Kiikenth. forma iwakiana T. 
Koyama). E. C. alterniflora Franch. (=C. p. var. alterniflora T. Koyama). F. 
C. alterniflora Franch. var. elongatula Ohwi (C. p. var. elongatula T. Koyama). 
G. C. pisiformis Boott. All x6. (Icon. orig.) 
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on the basis of these utricular characters. 
The utricles with thinner walls are mostly glabrous as in C. sachalinensis, C. 


alterniflora and C. Fernaldiana, but each differentiates a race with pubescent utricles. 
They are C. sachalinensis var. iwakiana, C. alterniflora var. musashiensis and C. 
capilliformis, which I am treating as the forms of the three species mentioned above. 
It is of interest that the variants with long-beaked utricles constantly grow in the Fagus 
belt never coming down to the Chestnut belt below it. Another similar occasion is 
observed in var. lanceata of C. oxyandra. The variety, bearing the utricles with 
a long beak, occurs in subalpine regions, while its mother species with less elongated 
beaks of utricles does not reach such a high altitude. These long-beaked races can 
be maintained as being varieties for the reasons that these populations depend on 
the zonal isolation and that no intermediate form has been found as to the length of 
beaks at least. 

(2) Cytological observation. The chromosomes of the six related species were 
reported by Prof. N. Tanaka (1940), 1948?)) as follows: 


C. stenostachys 2n=56 

C. alterni flora 2n=60, 68, 76, 78, 84 
C. Duvaliana 20= 10 (Oneal 

C. Fernaldiana 2n=66, 67, 68, 72 

C. sachalinensis 2n=56, 62, 64, 66, 68 
C. sikokiana 2n=60 


The data, however, need a few modification in the taxonomic respect. The 
specimen from Kamikochi, central Japan, on which 2”7=56 of C. sachalinensis is 
based, is in my determination C. cuneata, and the data should be transfered to C. 
stenostachys. 2n=60 of C. sikokiana was examined in a specimen from Mt. Amagisan, 
where such a western Japanese species does not occur, and it must be 2”=60 of C. 
alterniflora. 


Chromosome _ .40 60 65 70 75 80 85 
number i a a a a ee ee Be ea eee lee SETS 
C. alterni flora Ses er eres eee Ofte eee ee Ey ~~ 
C. Fernaldiana 0: 6-67-26 
C. Duvaliana oer = 
C. sachalinensis ifr FAR Se ey oS 


C. stenostachys e 


Fig. 35. Chromosome numbers of the 5 examined species of the C. sachalinensis group. 
For the interpretation see the text. 


These revised data are plotted in Fig. 35 for use in taxonomy. All but C. 
stenostachys are represented in aneuploid series of various ranges. An important 
matter is that the narrow ranges of C. sachalinensis, C. Fernaldiana and C. Duvaliana 
completely fall under the very wide range of C. alterniflora. This manifestly coin- 
sides with the fact that, as compared with C. alterni flora each of these first three 
sedges have more definite taxonomic characters of its own, among which is the 
wholly tomentose vegetative parts of C. Duvaliana, the capillary leaves of C. Fernal- 
diana, or elongated peduncles of C. sachalinensis. And at the same time, it is pos- 
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288 Fig. 36.7§Distribution of the sedges of C. sachalinensis group. 

1. Dot: C. pisiformis Boott var. awreo-brunnea T. Koyama (=C. alterniflora Franch. var. 
aureo-brunnea Ohwi; C. tenuinervis Ohwi). Circle: C. p. var. sikokiana T. Koyama (=C. stko- 
kiana Franch. and Savat.). 

2. Dot: C. p. var. sachalinensis T. Koyama (=C. sachalinensis F. Schmidt; C. conicoides 
Honda). Circle: C. p. var. alterniflora T. Koyama (=C. alterniflora Franch.; C. pseudostrigosa 
Lévl. and Vant.). 23 a 

3. Circle: C. pisiformis Boott var. pisiformis. Dot: C. p. var. cuneata T. Koyama (=C. 
cuneata Ohwi; C. stenostachys Franch. and Savat.\ 


326 Bot. Mag. Tokyo Vol. 74 


sible to consider ihat the variants of the C. alterniflora-sachalinensis complex would 
have been differentiated from a common ancestor presumably allied to C. alterniflora 
respectively as a chromosomal population thereof. It is also of interest taxonomically 
that C. stenostachys is cytologically more distinct than any other variant. Being 
well correlated to the utricular characters mentioned above, this cytological evidence 
shows that among all variants the discontinuity between the C. pisiformis group and 
the C. sachalinensis-alterniflora complex is getting more conspicuous. 

(3) Geographic distribution. As illustrated in Fig. 36, the variants of C. sacha- 
linensis in a wide meaning is clearly divided into two classes on the ditributional 
ground, i.e. the plants distributed on the Japan Sea side of the mainland of Japan 
and those distributed on the Pacific side in the mainland of Japan. C. stenostachys 
and C. cuneata belong to the former category (Fig. 36, 3). These two have been 
separated by the presence of creeping stolons in the latter, but as was already sug- 
gested the stoloniferous habit in C. cuneata is nothing else than an ecological condi- 
tion perhaps caused by the deep snow in the Japan Sea side of northern Japan. This 
view is also supported by the following reasons. The specimens from the northern- 
most part of Kwanto district, though geographically they are determinable as C. 
cuneata, tend to lack the elongate stolons and to bear utricles rather loosely thus they 
can hardly be separable from C. stenostachys. Some specimens in similar state were 
also collected at the foot of Mt. Shirouma by Mr. Furuse. Secondly, in the plants 
of C. cuneata from Hokuriku district, leaves and culms are more robust bearing 
densely flowered thick spikelets, however, this is also an ecological condition and 
such robustness can be seen quite commonly also in C. multifolia, C. belpharicarpa, 
etc. I, at last, came to a conclusion that C. cuneata can not be separated from C. 
stenostachys. 

All variants other than C. stenostachys and C. cuneata are scattered on the Pacific 
side of Japan. They are further subdivided into about three types of distribution- 
As seen in Fig. 36-3, C. pisiformis occurs in a small region including Mt. Fuji, 
Hakone, Idzu peninsula and northern Idzu islands, and falls under the distribution 
type IV-A of Mr. Kanai (1958*)). From this geographical difference, C. pisiformis can 
be better treated to be coordinated to C. stenostachys of Japan Sea side at the same 
taxonimic rank, though these two are strikingly akin. The accompanying morpholo- 
gical character is only the colour of the outer basal sheaths which are dark chestnut 
to orange-brown in C. stenostachys while light chestnut to orange-brown in C. pisi- 
formis. 

C. alterniflora var. aureo-brunnea, C. Duvaliana and C. sikokiana are distributed 
in central and western Japan only, falling under the distribution type III of Mr. Kanai. 
C. alterniflora var. aureo-brunnea of my sense includes a non-stoloniferous population 
called C. tenuinervis up till now. The reason of this union was already discussed in 
the preceding chapter. The other variants including C. alterniflora, C. sachalinensis 
and C. Fernaldiana occur throughout the Pacific side from Kyushu to Hokkaido as 
shown in Fig. 36-2. The collection of C. sachalinensis in Northeast district of Honshu 
is far from complete. Perhaps it will not be absent from there. 

(4) Taxonomic conclusion. 

1. No taxonomic character was found to credit a specific rank to any of the 
variants here treated. 

2. The colour character of outer basal sheaths, the relative length of bract 
blades to their spikes, and utricluar characters morphologically delimit varieties. 
equivalently. This view is also supported by both cytological and geographic points 
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of view. 


3. Presence of creeping stolons can not be reliable in delimitation of taxa. They 
are only an ecological condition in most cases. 

4. As to the nomenclature of related species, several specialists including Franchet 
and Kikenthal have applied the Boott’s name, C. tenuissima, to a plant commonly 
known as C. Fernaldiana. However, this does not hold good, because if C. tenuis- 
sima be C. Fernaldiana, “It is hardly conceivable that Bunge should have marked 
this ‘C. panicea, L.’ and that Boott should have described it as ‘C. panicea, L.’, 
affinis.” (from C. B. Clarke in Journ. Linn. Soc. 36: 313-4 (1904)). It is quite regret- 
table that the type of C. tenuissima has never been seen by all authors concerned 
and I also failed to do that. It may possibly be in Leningard together with other 
Bunge collections from northern China. Accordingly the earliest correct name of C. 
sachalinensis should be C. pisiformis, when the sedges here dealt with are united 
into one species as I do. 


A Key To THE VaRIANTS OF Carex pisiformis 


1. Utricles densely hirsute, rather thick herbaceous, veins strongly elevated. 
2. Floral scales chestnut brown. 
3. Basal sheaths and scales of stolons orange-brown; spikes loosely flowered. ............- 


a ia OR ten aa Pe ae a ES tee EO oes ees Se ok: ee 2 Me soe eS 1. var. pisiformis. 

3. Basal sheaths and scales of stolons (if present) chestnut brown or fuscous; spikes 
loosely“tohdenselymilowered? A... wnbmad AY. dae ke ler keoeeetiney & 2. var. cuneata. 

2. Floral scales pale-green; rhizome never stoloniferous. ...............--+- 3. var. koreana- 


1. Utricles as a rule glabrous, when hairy loosely pubescent, membraneous, faintly veined. 
4, Bract blades longer than spikes thereof; apices of blades acute. 
5. Vegetative parts glabrous. 
6. Basal sheaths orange-brown, yellow-brown or pale. 
7. Basal sheaths and scales of stolons orange- or yellow-brown. 

8. Beak of utricles shorter than the body. 

9. Leaves filiform, 1.5mm wide or less. 
10. Floral scales at least staminate ones fulvous; leaves and culms soft. ....... 
fn See ee le Sera. ee Fino sg Oe Ghee 7. var. fulva. 


10. Floral scales pale; leaves and culms rigid. .......... 5. var. awreo-brunnea. 

8. Beak of utricles as long as or longer than the body. .......... 6. var. elongatula. 
(a Basalesheaths anduscalesiof, StolonS Male. gra au,: s diec,0.9 sheets spo rata 11. var. alterniflora. 
ileal tricles aUite, SlabKOUS: secs eiae <i ce ts sate e cc clew es aebies eteneeis nes f. alterni flora. 
(iM WtEtclec SpaLsely: PUDESCEMEs es meets ces t cote ooo elae ein et «saree eee f. musashiensis. 


6. Basal sheaths purple-brown, or purple-red. 
12. Utricles glabrous; leaves usually more than 2.5mm wide; basal sheaths purple- 


TECHIE AE. ert Ca oat A A oysters s repre wise] « P+ Seite sebgeb sec 10. var. sikokiana. 
12. Utricles hispidulous or sparsely so; leaves 0.5-2.5mm wide; basal sheaths purple- 
JVs eheAtly MA OR a DOS Tu OOO ee Ome OO: Cpe. Jnr Rete eee a tor era ae 4, var. major. 


5. Vegetative parts, at least leaf sheaths, pubescent. 
13. Utricles several-veined, beak shorter than the body; vegetative parts wholly densely 
HUD ESCED EM MEAN cose iene cts Sic Uae Can atts tanita areiavs Galt ate atarele Mines sls 9. var. Duvaliana. 
13. Utricles 2-veined, beak longer than the body; leaf sheaths minutely puberulent. .... 
SEE eRe Oe aie SNS SN TRON SRE: Mave SE PE Rear a tay sree abate at 12. var. Mayebarana. 
4. Spikes overtopping bract blades; apices of blades relatively suddenly acute. 
14. Floral scales brownish; spikes dense-flowered. ............+++.-05. 13. var. pineticola. 
14. Floral scales pale; spikes loosely flowered. 
15. Beak of utricles shorter than the body. .................... 14. var. sachalinensis- 
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inensis. 

16. Utricles quite glabrous. ............eeceece creer en ee cere eeecees f. pariah! 
16.. \Utricles; puberulent. | i .:docore.scoyel > sheyou ope cree cove ri tmiain our vieielsisisis*)> ohn ees Cheat ee 
15. Beak of utricles as long as long or longer than the body. ....15. var. longiu : 


NoMENCLATORIAL TREATMENTS* 


Carex (Praecoces) pisiformis Boott in A. Gray, Narr. Exped. Perry 2: 324 (1857), 
sensu emend. (vid. typ.). 

1. var. pisiformis.—C. amphora Franch. & Savat., Enum. Pl. Japon. 2: 142 (1877) 
& 566 (1879). (vid. sp. auth.). Japanese name: Hommonji-suge. Distribution: See Fig. 
36. 

2. var. cuneata (Ohwi) T. Koyama, comb. nova et sensu emend. 

C. stenostachys Franch. & Savat., Enum. Pl. Japon. 2: 142 (1877) & 569 (1879), 
syn. nov. —C. cuneata Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. B, 6: 256 (1931)— 
C. stenostachys Fr. & Sav. var. cuneata (Ohwi) Ohwi & T. Koyama ex T. Koyama 
in Act. Phytotax. Geobot. 16: 10 (1955)—C. stenostachys Fr. & Sav. var. Tkegamiana 
T. Koyama 1. c. 11 (1955), syn. nov. Japanese name: Nishino-hommonjisuge, Michi- 
noku-hommonjisuge. Distribution: See Fig. 36. 


3. var. koreana (Nakai) T. Koyama, comb. nova e typo. 

C. polyschoena Lévl. & Vant. ex Lévl. in Bull. Acad. Intern. Géogr. Bot. 12: 9 
(1903)—C. albomas C. B. Clarke in Journ. Linn. Soc. 36: 270 (1903)—C. pisiformis 
Boott forma polyschoena (Lévl. & Vant.) Kiikenth., Cyper-Caric. 477 (1909)—C. indis- 
tinctum Lévl. & Vant. in Fedde, Repert. Sp. Nov. 5: 194 (1908)—C. umbrosa Host 
var. koreana Nakai in Bot. Mag. Tokyo 28: 327 (1914). Distribution: Is. Tsushima, 
Korea, Manchuria. 


4, var. major (Kiikenth.) T. Koyama, comb. nova. 

C. capilliformis Franch. in Bull. Soc. Philom. Paris, 8¢ sér., 7: 89 (1895). (vid. sp, 
auth.).—C. capilliformis Franch. var. major Kiikenth. in Engl., Bot. Jahrb. 36, Beibl. 
Nr. 82, 9 (1905). Distribution: Central China. 


5. var. aureo-brunnea (Ohwi) T. Koyama, comb. nova e typo. 

C. tenuinervis Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. B, 5: 266 (1930), syn. 
nov. e typo—C. alterniflora Franch. varr. aureo-brunnea & tenuinervis Ohwi 1. c. 6: 
259 (1931)—C. sachalinensis F. Schmidt var. aureo-brunnea (Ohwi) Ohwi in Bull. Na- 
tional Sci. Mus. No. 33, 67 (1953)—C. sachalinensis F. Schmidt var. tenuinervis (Ohwi) 
T. Koyama in Bull. Arts & Sci. Div., Ryukyu Univ. No. 3, 72 (1959). Japanese 
name: Cha-itosuge, Tsurunashi-oh-itosuge. Distribution: Honshu, on Pacific side, Fuji- 
gawa river and westwards; Shikoku; Kyushu. 


6. var. elongatula (Ohwi) T. Koyama, comb. nova e typo. 

C. alterniflora Franch. var. elongatula Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. 
B, 6: 260 (1931)—C. sachalinensis F. Schm. var. elongatula (Ohwi) Ohwi in Bull. Na- 
tional Sci. Mus. No. 33, 68 (1953). Japanese name: Kuju-suge. Distribution: Northern 
Kyushu (in upper Fagus zone only). 

7. var. fulva (Ohwi) T. Koyama, comb. nova e typo. 

C. artinux C. B. Clarke in Kew Bull. Add. Ser. 8, 81 (1908)—C. alterniflora Franch. 
var. fulva Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. B, 11: 367 (1936)—C. sachalinen- 


* In this paper are cited only important synonyms including basionyms. The detailed 
synonymy will be given in my monograph of East Asiatic Cyperaceae, Pt. II. 
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sis F. Schm. var. fulva (Ohwi) Ohwi in Bull. National Sci. Mus. No. 33, 68 (1953). 
Japanese name: Ki-itosuge. Distribution: Mt. Hakusan and n.-e.-wards on Japan Sea 
side of Honshu, in subalpine zone. 

8. var. Fernaldiana (Lévl. & Vant.) T. Koyama, comb. nova. 

“C. tenuissima Boott’: Franch. & Savat., Enum. Pl. 2: 147 (1877) & auct. plur. 
—C. Fernaldiana Lévl. & Vant. in Bull. Acad. Intern. Géogr. Bot. 10: 276 (1901). 
(vid. sp. auth.)—C. Mariesii & ischne C. B. Clarke in Kew Bull. Add. Ser. 8, 80 (1908) 
—C. sachalinensis F. Schmidt var. Fernaldiana (Lévl. & Vant.) T. Koyama in Bull. 
Arts & Sci. Div., Ryukyu Univ. No. 3, 72 (1959). Japanese name: /to-suge. Distribu- 
tion: Japan, Korea, Formosa. 

9. var. Duvaliana (Franch. & Savat.) T. Koyama, comb. nova. 

C. Duvaliana Franch. & Savat., Enum. Pl. Japon. 2: 568 (1879) (vid. sp. auth.)— 
C. Hilgendorffiana Bocklr. in Engl., Bot. Jahrb. 5: 518 (1884)—C. hololasius Lévl. & 
Vant. in Bull. Acad. Intern. Géogr. Bot. 10: .280 (1901)—C. tenuissima Boott var. 
Duvaliana (Franch. & Savat.) Kiikenth., Cyper.-Caric. 476 (1909)—C. sachalinensis F. 
Schm. var. Duvaliana (Franch. & Savat.) T. Koyama 1. c. 72 (1959). Japanese name: 
Ke-suge. Distribution: Hokkaido, Honshu. 


10. var. sikokiana (Franch. & Savat.) T. Koyama, comb. nova. 

C. sikokiana Franch. & Savat., Enum. Pl. Japon. 2: 573 (1879)—C. tenuissima 
Boott var. sikokiana (Fr. & Sav.) Kiikenth., Cyper.-Caric. 475 (1909)—C. alterniflora 
Franch. var. arimaensis Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. B, 6: 259 (1931), 
syn. nov. e typo.—C. sachalinensis F. Schm. varr. sikokiana (Fr. & Sav.) & arimaensis 
(Ohwi) Ohwi in Bull. National Sci. Mus. No. 33, 67 (1953). Japanese name: Beni- 
itosuge, Kwansai-oh-itosuge. Distribution: Kinki and western districts of Honshu, 
Shikoku. 

11. var. alterniflora (Franch.) T. Koyama, comb. nova. 

C. alternifiora Franch. in Bull. Soc. Philom. Paris, 8¢ sér., 7: 51 (1895)—C. pseudo- 
strigosa Lévl. & Vant. in Bull. Acad. Intern. Géogr. Bot. 11: 109 (1902)—C. Duvaliana 
Franch. & Sav. var. alterniflora (Franch.) Kiikenth. ex Matsum., Ind. Pl. Japon. 2 
(1): 108 (1905)—C. scabro-aristata Akiyama in Journ. Fac. Sci. Hokkaido Imp. Univ. 
5, 1: 58, t. 3 (1931)—C. sachalinensis F. Schm. var. alterniflora (Franch.) Ohwi in 
Bull. National Sci. Mus. No. 33, 67 (1953)—C. alterniflora Franch. var. pseudostrigosa’ 
(Lévl. & Vant.) Akiyama, Caric. Far East. Reg. As. 197 t. 201 (1955). Japanese 
name: Oh-itosuge. Distribution: See Fig. 36. 


11-b. forma musashiensis (Hiyama) T. Koyama, stat. nov. 
C. sachalinensis F. Schm. var. musashiensis Hiyama in Journ. Jap. Bot. 29: 160 
(1954). Distribution: Kwanto district. 


12. var. Mayebarana (Ohwi) T. Koyama, stat. nov. e typo. 
C. Mayebarana Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. B, 5: 256 (1930). 
Japanese name: Ke-hiesuge. Distribution: Central Kyushu, in upper Fagus zone. 


13. var. pineticola (Ohwi) T. Koyama, comb. nova e typo. 

C. pineticola Ohwi in Bull. National Sci. Mus. No. 26, 5 (1949)—C. sachalinensis 
F. Schm. var. pineticola Ohwi 1. c. No. 33, 68 (1953)—C. sachalinensis F. Schm. var. 
pineticola Ohwi forma calvescens Hiyama in Journ. Jap. Bot. 29: 395 (1954), syn. nov. 
Japanese name: Matsukaze-suge. Distribution: Kwanto district, near Inubo Cape. 

14. var. sachalinensis (F. Schmidt) Kiikenth. ex Matsumura, Index Pl. Japon. 2 
(1): 126 (1905). 

C. sachalinensis F. Schmidt, Reisen Amurl. u. Ins. Sachal. 194, t. 6: ff. 14-17 
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(1868)—C. pseudo-conica Franch. & Savat., Enum. Pl. Japon. 2: 144 (1877) & 570 
(1879), pro maxim. parte incl. lectotypum—C. korsakoviensis Léveillé in Bull. Acad. 
Intern. Géogr. Bot. 19: 34 (1909)—C. conicoides Honda in Bot. Mag. Tokyo 42: 506 
(1928), syn. nov. e typo—C. sachalinensis F. Schm. var. conicoides (Honda) Ohwi in 
Bull. National Sci. Mus. No. 33, 68 (1953). Japanese name: Gongen-suge. Distribu- 
tion: Saghalien, Kuriles (Is. Yetorofu and s.-w.-wards), Hokkaido, Honshu (upper 
Fagus zone only). 

14-b. forma iwakiana (Ohwi) T. Koyama, stat. nov. e typo. 

C. sachalinensis F. Schm. var. iwakiana Ohwi in Mem. Coll. Sci. Kyoto Imp. 
Univ. B, 11: 368 (1936), in descriptione. Distribution: Northern Kwanto district. 


15. var. longiuscula (Ohwi) T. Koyama, comb. nova e typo. 

C. niko-montana Akiyama in Bot. Mag. Tokyo 45: 472 (1931)—C. sachalinensis F. 
Schmidt var. longiuscula Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. B, 11: 368 (1936), 
in descr. Japanese name: Miyama-aosuge. Distribution: Kwanto and central districts 
of Honshu, upper Fagus zone. 
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Productivity in Sessile Algal Community of Japanese 
Mountain River 


by Hiromu KOBAYASI* 


Received February 24, 1961 


In a previous study'), the standing crop of sessile algal community in the 
mountain section of the River Arakawa was measured in chlorophyll amount and 
habitat factors determining the standing crop were investigated. 

In order to obtain the more precise information on the primary production in the 
mountain river, the detailed investigation should be made concerning the photosyn- 
thesis of sessile algae and its relation to the habitat factors. 

As an indirect method to measure the primary production, so-called chlorophyll 
method has recently been employed by several investigators. This method is excel- 
lent in analysing the relationship between the primary production and habitat factors. 
In the present study, therefore, the primary production of the mountain section of the 
River Arakawa was pursued by the chlorophyll method. 


Habitat Conditions on the River Bed 


1. Nutrient elements in river water. 

According to the data presented by Hayakawa (see H. Kobayasi')) the locational 
changes in the chemical components in the water could not be found at least within 
the mountain section of the River Arakawa. The amount of the nutrient elements 
such as nitrogen and phosphate was roughly the same through the watercourse. The 
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Fig. 2. Interpreted tracing of Station 6 as re- 
corded on photograph of the celestial hemisphere, 
on which the details are also indicated when the 


Fig. 1. Photograph of the celestial transparent overlay of sun course at latitude 35° 
hemisphere taken at Station 6. is placed over. 
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+ 1 10 ? | 
Fig. 3. Interpreted tracing of photographs of the celestial hemisphere at various stations 


along the watercourse in the mountain section of the River Arakawa (Station 1-20) and 


transparent overlay of sun course at latitude 35°. N and n indicate the true north and 
the magnetic north, respectively. 


values of 0.05 ppm. in phosphate and 0.3 ppm. in nitrogen correspond to those in the 
eutrophic lakes in Japan. 


As indicated in a previous paper’), the water temperature increased successively 
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with the distance from the sourse of the river. Difference of the water temperature 
between the canyon section and lower section was about 5° throughout the year. 


2. Light condition. 


For the study of the primary production of the mountain river, it is indispensable 
to make the light condition clear. The light condition on the bottom of the mountain 
river varied conspicuously from place to place with the difference of the shade formed 
by the mountains and trees standing along the river. For this reason, the light 
intensity and duration of insolation on the river bed were determined with the photo- 
greph of the celestial hemisphere after Monsi and Saeki*). Figs. 1, 2 show the photo- 
graph taken at Station 6. Fig. 3 summarizes the interpreted tracing of photographs 
taken at various stations along the watercourse of the mountain section. White por- 
tion on the figures is the open area and dotted one is the occluded area of the sky. 
As seen in Fig. 4, the open sky increases with the distance from the sourse of the 
river. The open sky is 20% to 50% of the whole celestial hemisphere in the canyon 
section, and 60% to 80% in the lower section. The intensity of the diffused light 
falling on the river bed can be deduced indirectly from the ratio of the open sky area 
to the whole celestial hemisphere. The diffused light intensity from blue sky is on 
daily average 10 klux, whereby the station having the open sky of s area may receive 
the diffused light of 10-s/S klux, where S being the area of the whole celestial 
hemisphere. 


SKY LIGHT 


LOWER SECTION 


i=) 


1234 5 6 7 8 10 1112 13 14 15 16 17 18 19 20 
STATIONS 


Fig. 4. Locational change in open sky at various stations in 
the mountain section of the River Arakawa. 


As made by Monsi and Oshima”), and McConnel and Sigler‘), the intercepted in- 
solation on the bottom of the river at any time of a year is determined by reading 
of transparent overlay of sun course at latitude 35°, which was taken from Hirayama’s 
data®). As can be seen in Fig. 2, the sunshine duration on the river bed corresponds 
to the hours on the sun course within the area of the open sky on the photograph. 
By means of the foregoing overlay, it can be illustrated clealy that the sunshine dura- 
tion on the river bed varies conspicuously through a year and with the shape of the 
open sky. For example, the area of the open sky at Stations 3 and 7 is 30% and 34%, 
while the sunshine duration in summer is about 6.5 hrs. at the former and 10.5 hrs. 
at the latter station, i.e., relatively the open sky is 100:113 and the sunshine duration 
is 100:162. From these conspicuously different results, it can be surmised that the 
light condition of the river bed is one of the important habitat factors determining 
the primary production of the mountain section of the River Arakawa. 


Photosynthetic Activity of Sessile Algae 


The photosynthesis was measured by the well known light and dark bottles method 
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using Winkler’s method. The sessile algae were removed from the river bed, homo- 
genized, and suspended in the bottles filled with the river water. Since the materi- 
als at Station 17 were characterized in summer with Cladophora, in this case the 
algal fragments of 0.5-1.0g. fresh weight were sealed in each bottle. The bottles were 
laid on the river bed, from which the materials were taken and then left 2 hours in 
the midday. For one series experiment, 6 groups of every 3 bottles were prepared 
and each group of them was exposed under the light of 5%, 10%, 20%, 50% and 100% 
of the full sun light. The gradation of the light intensity was controlled with a 
graded series of neutral vinyl chloride cloths. During the exposuring duration, the 
light intensity on the surface of the river was measured with the photo-electric cell. 
Jt was found that the light intensity continues the constant state at least during 
the midday. The respiration was measured in the bottles covered with a black vinyl 
chloride cloths. The photosynthesis was expressed by the amount of oxygen evolved 


O,mg/mgChl /hy, 
RPmw pean 


10 20.3.0 405.0 7 0 


klux 

Fig. 5. Typical photosynthesis-light curves obtained in 

summer (Open circles, Jul. 15, 1960) and winter samples 

(Filled circles, Nov. 20, 1960). Simple solid lines show the 
respiration values. 


per mg. chlorophyll. Fig. 5 indicates the typical photosynthesis-light curves obtained 
in summer and winter samples. The materials in summer were Cladophora fragments 
and those in winter were diatoms and blue-green algae. The pattern of the photo- 
synthesis-light curve in the former indicated the sun-type with 4.9 mg.O./mg.chl./hr. 
at the light saturation point and the shade-type with 2.1 mg.O./mg.chl./hr. in winter. 
According to Ichimura‘), the maximum photosynthetic activity of phytoplankton in 
Japanese lakes is 8-10 mg.O;/mg.chl./hr. in the samples taken from the eutrophic lakes 
and 4-5 mg.O:/mg.chl./hr. in the mesotrophic lakes. In the oligotrophic lakes, it is 
1.0-2.5 mg.O;/mg.chl./hr. Therefore, the photosynthetic activity of sessile algae in the 
mountain river can be compared with those of the mesotrophic lakes. As already been 
noticed by McConnel and Sigler‘), it is probable that the suppression of photosynthesis 
may occur on such a confined algae in the bottles or jars. Therefore, the foregoing 
values obtained in the present study seems to be much lower than the true ones in situ. 
However, it is noticeable that the extremely low rates of 0.5 to 0.7 mg.O2/mg.chl./hr. 
were reported by McConnel and Sigler‘) with the sessile algae of the River Logan, Utah. 


Estimation of the Productivity of Sessile Algae 
from Chlorophyll and Light Data 


Using the procedure provided by Ryther’), the daily change of the photosynthetic 
rate of Sessile algae on the river bed can be deduced indirectly from the photosyn- 
thesis-light curve and the daily incident radiation data. F ig. 7 shows the daily change 
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TIME 
Fig. 6. Dauaily effective radiation in any time of the year falling 
upon the primary producer at latitude 35° ona fine day and cloudy 
day. A: direct rays of the sun, B: diffused light. A and B make 
a total daylight under the direct sunshine. 


SUMMER 


O,mg/mgChlYhr, 
So FP NO WH Ff 


on 


12 ORS 12 19 o’clock 


A B 
Fig. 7. Daily changes of the photosynthetic rate at Station 6 
obtained from Figs. 2, 5 and 6. A, on a fine day; B, a cloudy day 
in summer. 


of the photosynthetic rate at Station 6 obtained from Figs. 2, 5 and 6. Daily photo- 
synthetic value may now be obtained by integrating hourly photosynthesis over the 
entire day. 

Since the light condition on the river bed varies conspicuously with the stations, 
the daily production should be calculated at each station. The foregoing procedure, 
therefore, seems to be too complicate for the determination of the primary produc- 
tion of the mountain river. Hence the equation originated by Monsi and Oshima?) 
was introduced in this study for the calculation of the production. As seen in Fig. 
7, the amount of hourly photosynthesis under the direct sunshine was roughly the 
same through the day time and the similar results also found on the cloudy day. 
From these facts, the daily net production was calculated by the following equations; 
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on a fine day Pny=ds+a: T+aa:t—24-r 

on a cloudy day Pno=@a:t—24-r 
where ds+a and aa being the hourly real photosynthesis per unit amount of chlorophyll 
under total daylight and diffused light, T and ¢ being photosynthetic time under the 
direct sunshine and diffused light, r, the respiration. As mentioned previously, T and 
t were determined by means of the overlay. The intensity on the river bed under 
direct sunshine was estimated from Fig. 6. As described in the previous section, the 
diffused light intensity in the open was assessed as 10 klux and that of the river bed 
was able to be calculated by means of the ratio of the open sky area to the whole 
hemisphere on the photograph. Under the cloudy day, the light intensity was as- 
sumed as that of the diffused light of fine day. These assumptions on the light con- 
dition are too rough but reasonable ecologically. Since the hourly photosynthetic 
rate should be determined from the photosynthesis-light curves, the precise informa- 
tion on the pattern of photosynthesis-light curve is indispensable. Because of insuf- 
ficiency in data on the curve, the calculation in the present study was carried out by 
using the curves in Fig. 5. 

Assuming the cloudy and fine day occur alternately in a month, the monthly 

production in the unit area on the river bed can be obtained approximately as 
follows; 


Py =(Pos+Poe)-C-D/2—R-C-D 
where C is the chlorophyll amount in the unit area on the river bed, D is days in 
month, Py; and Py. are daily gross production on a fine day and cloudy day. 


Productivity and Dry Matter Production in the 
Mountain Section of the River Arakawa 


1. Potential productivity. 


Seasonal and locational changes in the potential photosynthesis were estimated 
by the foregoing procedure. As shown in Table 1, it is apparent that the potential 
photosynthesis is greater in spring and summer than in autumn and winter. This 
referred to the increase of the duration time under the direct sunshine and to the 
acceleration of the photosynthetic rate due to the increase of the water temperature. 
The foregoing relationship between the potential photosynthesis and light condition 
was also found locationally. The productivity was lower in the canyon section than 
in the lower section, and furthermore the values of the shady stations were smaller 
than those of the bright stations within the same river section. According to the 
present study, there was a rough parallel correlation between the productivity and 
the standing crop in the mountain section, thereby it can be surmised, that the light 
condition is the most important limiting factor for the production in the mountain 
river. However, it seems unreasonable to discuss the causes determining the stand- 
ing crops through only the productivity, because the standing crop is determined 
by the interplay of the production rate and the destruction rate. As can be seen in 
Fig. 8, the parallel correlation is not so distinctly fine. The diversity in the stand- 
ing crops of the canyon and lower section was more definite than that in the produc- 
tivities. The foregoing discrepancy may suggest the existence of the other habitat 
factors affecting on the standing crop. As mentioned in a previous paper'), the 


physical actions such as scraping and rubbing have an important role on the reduc- 
tion of the standing crop. 
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Table 1. Seasonal and locational changes in the potential photosynthesis in the 
mountain section of the River Arakawa. 
| Photosynthetic activity, O. mg./mg. chl./day 
ms H 2 
Station ye — (Gross production, glucose as day) 
Feb. May Aug. Nov. | Average 
1 22 14.6 33.8 30.7 14.0 | Ha, 
(1.63) (0.61) (1.55) (1.14) 323) 
2 33 18.5 42.0 39.4 17.6 | 29.4 
(0.26) (0.40) (0. 44) (0.78) (0.47) 
3 30 Ugh 8575 31.8 17.0 Dao 
(0.00) (0.56) (0.36) (0.33) (0.31) 
4 42 19.2. 45.3 41.0 19.2 ole 
(0.24) (0.55) (0.46) (1.33) | (0.65) 
5 51 20.3 47.0 46.1 20.0 Bond 
(0.28) (0.13) (0.09) (0.68) (0.30) 
6 46 19.4 45.3 42.8 19.4 37, 
(1.31) (0.25) (0. 28) (1. 96) (0.95) 
a 34 | 17.4 46.5 39.9 17.4 30.3 
(0.13) (0.44) (0. 34) (0.23) | (0.29) 
8 47 | 20.3 44.6 43.9 19.3 | 32.0 
(0.09) (0.29) (0.74) (1.19) (0.58) 
10 64 PAN Al Bey 48.0 2120 35.9 
(0.03) (1.35) (Ad) (0.30) (1.05) 
11 56 2A 49.9 47.9 21.0 | 35.0 
(0.26) (1.12) (1.48) (1.70) (1.14) 
12 65 | 21.1 50.4 46 4 21.0 | 34.7 
(0.25) (0.47) (0.57) (0.33) | (0.41) 
13 66 PAlLsil ole 47.7 21.0 HS) 
(0.32) (0.14) (2.19) (0.43) (0. 77) 
14 72 VALS ih Ocge 49.0 21.0 35.8 
(0.00) (0.83) (3.03) (2.07) (1.48) 
15 76 be 54.6 50.2 21.0 36.7 
(0.40) (0.56) (1.46) (2.72) (1.29) 
16 63 Pil ail 49.7 46.4 21.0 34.6 
(0.30) (0.70) (2.00) (aials) (1.28) 
17 66 Palla 50.5 47.3 21.0 35.0 
(0.20) (1.33) (6.21) (2.15) (2.47) 
18 71 21.1 53.5 49.0 21.0 36.2 
(0.11) (0.30) (5.05) (3.35) (2.20) 
19 76 PAs 55.7 50.7 21.0 31 
(0.14) (1.67) (6.32) (5:50) (3.48) 
20 82 iol 5529 51.8 21.0 37.5 
(0.08) (0.47) @.51) (0.32) (0.60) 
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Fig. 8. Correlation between standing crop and productivity. Open circles: 
changes in annual average productivity. Filled circles: locational changes in average 


chlorophyll amount. 


2. Dry matter production in the mountain section of the River Arakawa. 

a. Gross primary production: As shown in Table 1 and Fig. 9, the gross prima- 
ry production per square meter of the river bed was calculated from the chlorophyll 
amount and the potential productivity. The mean value of the gross production 
ranged from 0.3 to 1.2 g. glucose/m.?/day in the canyon section and 0.4 to 2.5g. 
glucose/m.?/day in the lower section, except the abnormaly large values of 3.4g. 


glucose/m.?/day obtained at Station 19. 
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Fig. 9. Locational changes in average gross primary production per square meter 
of the river bed in the mountain section of the River Arakawa. 


As the annual gross primary production, 0.21 kg. glucose/m.? (24,760 kg. glucose/ 
119,000 m.?, see Table 2) in the canyon section and 0.81 kg. glucose/m.? (1,883,790 kg. 
glucose/2,316,000 m.?) in the lower section were deduced, respectively. According to 
the data obtained by Hogetsu and Ichimura®), the annual gross production in eutro- 
phic lake Suwa is 0.57 kg. glucose/m.*. Manning and Juday®) reported 0.8 kg. glucose/ 
m.?/year in the eutrophic lake Weber. In the mesotrophic lakes of Japan, the annual 
gross production has been measured 0.2 to 0.4kg. glucose/m?. (Ichimura’s unpublished 
data). Therefore, the productivity of the River Arakawa can be compared with those 
of the mesotrophic lakes within the canyon section and the eutrophic lakes within 
the lower section. 

Total gross production in the whole area of the mountain section of the River 
Arakawa was calculated from the annual gross production at each station and the 
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Table 2. Dry matter production in the mountain section of the River Arakawa. 
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Glucose ton/order/year 


ry ee | :; | 
Division | oni agit | (Glucose kg./m.2/year) 
oer | ha./order . ; i. 
| 7 nG R Pn 
sie | ! 

1 | 50 | 2.25 1.95 0.30 
| | (0.45) (0.39) (0.06) 
Zi | 150 | 2.55 1.80 0.75 
| (0.17) (0.12) (0.05) 
3 90 | 0.99 0.81 0.18 
(0.11) (0.09) (0.02) 
4 | 175 4,20 2.03 Ways 
| (0.24) (0.15) (0.09) 
5 140 1454 1.12 0.42 
(0.11) (0.08) (0.03) 
6 210 sod) 525 2.10 
(0.35) (0.25) (0.10) 
v6 200 2.20 1.20 1.00 
(0.11) (0.06) (0.05) 
8 175 | 3.68 2.28 1.40 
| (0.21) (0.13) (0.08) 
Canyon 1190 24.76 17.04 CE 
section 7 (0.21) (0.14) (0.07) 
10 150 5.70 25D Sill 
(0.38) (0.17) (0.21) 
Lt | 250 10.50 5.00 5.00 
(0.42) (0.22) (0.20) 
i 150 Vey se} 1.20 1.05 
(0.15): (0.08) (0.07) 
13 375 10.50 Fa2b 5.25 
(0.28) (0.14) (0.14) 
14 765 41.30 19.89 21.41 
(0.54) (0. 26) (0.28) 
15 1200 56.40 32.40 24.00 
(0.47) (0.27) (0.20) 
16 1620 76.14 A2ele 34.02 
(0.47) (0.26) (0.21) 
17 2550 229.50 112.20 117.30 
(0.90) (0.44) (0.46) 
18 5600 448 .00 235.20 212.80 
(0.80) (0.42) (0.38) 
19 7500 937 .50 487 .50 450.00 
(1.25) (0.65) (0.60) 
20 3000 66.00 30.00 36.00 
(0.22) (0.10) (0.12) 
Lower 1883.79 973.81 909. 98 
section eae (0.81) (0.42) (0.39) 
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area of the river bed. For calculation, the watercourse was divided into the regular 
orders and the area of the each order was estimated from the river course map. 
The productivity of the each order in the watercourse was represented by dry matter 
at the chlorophyll sampling station within the order. The calculation results are 
summarized in Table 2. The area of the river bed was 119,000 m.* in the canyon 
section and 2,316,000 m.? in the lower section. The annual gross production on these 
river beds was 25 ton glucose in the former section and 1884 ton glucose in the 
latter. 

b. Net primary production: The amount of the respiration was computed from 
the data obtained in the dark bottle to be about 0.6-0.9 mg.O2/mg.chl./hr., i.e. 1/5 of 
the photosynthetic rate at the light saturation point. By using the above values, the 
daily average respiration was calculated at 0.2 to 1.0g. glucose/m.? in the canyon 
section and 0.3 to 2.0g. glucose/m.? in the lower section. In the whole watercourse, 
the organic matter consumed through the respiration was 17 ton glucose in the canyon 
section and 974 ton glucose in the lower section (see Table 2). 

Finally, the net production in the former section was 8 ton glucose and 910 ton 
glucose in the latter section. 


Summary 


Primary production in the mountain section of the River Arakawa was estimated 
from chlorophyll amount and light data obtained from the photographs of celestial 
hemisphere and the photosynthesis-light curves of the river algae. 

1. Annual gross production was 0.21 kg. glucose/m?. in the canyon section and 
0.81 kg. glucose/m.? in the lower section. These values can be compared with those 
in the ordinary mesotrophic lakes and eutrophic lakes in Japan. In the whole water- 
course of the mountain river, total sum of the gross production was 25 ton glucose 
in the canyon section and 1,884 ton, glucose in the lower section, and the amount of 
the respiration was 17 ton and 974 ton, respectively. As a net-production, finally, 8 
ton and 910 ton were obtained in the former and latter sections. 

2. Among the habitat factors determining the productivity, the light condition on 
the river bed is most important and it is confirmed through the analysis of the loca- 
tional changes in the potential photosynthesis of the sessile algae. 


The author wishes to express his sincere thanks to Prof. H. Ito and Dr. S. Ichi- 


mura of Tokyo University of Educatian for their instructive advice and suggestion 
throughout the progress of this study. 
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Analytical Studies on the Development of Foliage of 
a Plant Community* 


by Toshiro SAEKI** 


Received February 20, 1961 


The stratifying clip method after Monsi and Saeki!) enabled us to reveal the pro- 
ductive structure of plant communities, such as characteristic features of vertical 
foliage distribution. The foliage distribution in a plant community plays one of the 
most important roles in the dry matter production, and accordingly it is an essential 
element of the productive structure. A theoretical equation presented in a previous 
paper?) interpreted the establishment of the typical shape of the vertical foliage dis- 
tribution in a plant community. The assumptions adopted there, however, are not 
satisfactory in direct evidence, and the curves obtained from the theoretical equation 
were, on account of their static nature, insufficient to interpret in a dynamic aspect 
the foliage development of a plant community. 

The present paper deals with the establishment of the vertical distribution of 
leaves especially in connexion with the growth of individual leaves within a plant com- 
munity. Discussions will be given on varied types of leaf distribution, mainly based 
on a theoretical equation of a previous paper*) concerning leaf growth. 


Vertical foliage distribution as related to leaf and stem growth 


In a previous paper’) the author presented a mathematical equation which pro- 
vides the size or dry weight of individual leaf at any time and at any insertion along 
the main stem of a plant, when plastochrone, daily increase in the total leaf amount 
of the whole plant, and leaf dry weight per unit leaf area are given beforehand. An 
attempt has also been made in that paper to calculate theoretically the time drift of 
the daily increase of leaf area index (LAI) in a stand. The calculated time drift is 


b Fig. 1. (a) Theoretically calculated leaf 
amounts at different nodes at 15, 20, 25 and 
30 days after the start of development of a 
plant community. Procedure of calculation is 
detailed in a previous report®), where the same 
figure is shown in Fig. 9 but somewhat 
smoothed. Plastochrones are assumed 5 days 
from L, to Ly, 4 days from L, to Ly, 3 days 
from L; to Ly. and 2 days from Ly to Lys. (b) 
The top parts of (a) are revised so that the 
ordinate can express the height of leaf insertion 
and a rectangle enclosed by node length and 
length in abscissa may be proportional to the 
leaf amount. Node length is reduced to x 
0.8, x0.5, x0.25 and x0.125, in order, from 
the 8th node to the younger ones. 


NUMBER 


NODE 
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** Department of Botany, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. 
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the same with Curve S of Fig. 4 in the present paper. When this daily increase of 
LAI is combined with plastochrone, the above-mentioned theoretical equation con- 
cerning leaf growth gives node number-leaf amount relations at different days as 
shown in Fig. l-a. The figures resemble, in appearance, the vertical foliage distribu- 
tion in a plant community, because the numerical order of the successive nodes in the 
ordinate runs roughly parallel to the height of each corresponding leaf, and because 
a plant community is composed of individual plants. It may not be expected, how- 
ever, that all the internodes of a stem are the same in length, so that some revision 
must be made in order to obtain a real distribution shape of leaves. 


NODE NUMBER 


Fig. 2. The heights of successive nodes measured in five dominant 
individuals in a sunflower stand. A double circle denotes a node with 
opposite leaves; an open circle, a node with a leaf in alternate phyllo- 
taxis. The first double circle of each curve stands for the first node. 


Measurements were made of the heights of successive nodes in the plant indi- 
viduals sampled from sunflower, green gram and reed stands. Out of them measure. 
ments in a sunflower stand are presented in Fig. 2, where both the top part and 
basal part of a stem have shorter internodes. The results in the other stands have 
showed similar trends. The shorter internodes at the top part, together with shorter 
petioles of young leaves, affect the shape of plant height-leaf size curve to become 
more compressed at the top part, while the shorter nodes in the basal part hardly 
change the shape of the distribution curve on account of smallness of the con- 
comitant leaves. Thus, the transformation of the ordinate of node number in 
Fig. l-a to the ordinate of node height provides the vertical foliage distribution as 
illustrated in Fig. 1-b. Dividing the values of abscissa by the number of the plants 
which are included in unit area will provide average values of leaf size or weight of 
all the constitutent plants of a plant community. It is noteworthy that the figures 
in Fig. 1-b accord well with the real distribution patterns of foliage revealed by 
the stratifying clip method and that the shapes of the figures are invariable irrespec- 
tive of growth stage. 


Difference of foliage distribution between the herb- and 
grass-type communities 


With regard to the vertical distribution of foliage in plant communities two 
major types have been distinguished'); the one, the herb type (Fig. 1-b), is the most 
familiar type, being found in a large number of plant communities. The other, the 
grass type, is met with many of grasscommunities. In the former the maximum foliage 
distribution lies at the upper part, while in the latter it lies at the lower part. As 
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intensively discussed in previous papers’) grass plants allow much larger fraction of 
incident light to penetrate into the lower strata of the plant community than do her- 
baceous plants. Suppose the extinction coefficient of light penetrating in a grass-type 
community is e.g., 0.4 and that in a herb-type community is 0.8, at the lower part . 
of the foliage the leaves exceeding 1.74 in cumulative LAI (leaf area integrated from 
the top of the plant community per unit land surface) should receive higher illumina- 
tion in the grass-type community than in the herb-type community, while at the upper 
part the leaves up to that cumulative LAI should receive lower illumination in the 
former than in the latter. A grass community, therefore, will permit comparatively 
vigorous growth of suppressed small individuals or tillers, and play a part in enhanc- 
ing foliage distribution at the lower strata, and consequently, in giving rise to a grass- 
type distribution. In this connexion reasonable is the assumption introduced in previous 
papers'2) that the vertical distribution of the foliage is established proportionally to 
the dry-matter productivity. 


Density effect on the structural pattern of foliage in plant communities 


Variant types of vertical foliage distribution have been reported in the experi- 
ments with different planting densities. In a stand with higher density the whole 
foliage is compressed at the upper part, while in a stand with lower density the foliage 
is distributed more uniformly over a wide range of vertical direction®’). The 
phenomenon can be interpreted as follows: In the early growing stage foliage develop- 
ment is faster in a denser stand than in a sparser stand. In the former, therefore, 
severe light deficiency and resultant starvation cause a faster fall of the leaves in the 
lower strata, and consequently, the leaves can survive only at the upper part. In ad- 
dition, a ‘tendency towards equalization of plant height’ in a dense population‘) 
may intensify the assembling of the foliage at the upper strata. Besides, the in- 
dividuals under high planting density are lower in productivity on account of intense 
mutual shading, and it is expected to effect the lowering of the rate of leaf emergence 
as reported in a preceding paper*). The retardation of leaf emergence will, when it oc- 
curs as observed in a tobacco plant under dense planting’) (see Fig. 3), result in a flat 


11 

9 
pe Fig. 3. Leaf amounts at successive nodes of stems 
7 in two stands different in density. The values were 
a measured in tobacco plants 39 days after sowing. The 
5 left; a sparse stand of which mean available space per 
5 plant is 360cm.2 and the plants with such sufficient 
4 space are assumed to be able to grow in the same 
S manner asa solitary plant. The right; a dense stand 
A. of which mean available space per plant is 36cm.2 

(see Saeki’)). 
1 


— 
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shape of foliage distribution at the top part. 

In order to find out the difference of vertical leaf distribution in two plant com- 
munities started from different planting densities (1:10), a calculation was attempted 
by using the theoretical equation concerning leaf growth presented in a previous 
paper*). Initial leaf area index was assumed to be 0.04 in a sparse stand (S) and 0.4 
in a dense stand (D). The time drift of the daily increment of the total leaf weight 
(or area) was calculated in the same way as done in the above paper, and the 
results are shown in Fig. 4. On the 20th day the increment of LAI (4F) in stand D 
attains to the maximum. Provided that the leaves below compensation point are as- 
sumed to die thereafter, daily increase of new leaves remains constant but net 
increase of leaf mass is zero. The foliage distribution after 30 days in stand D is 


Fig. 4. Theoretically calculated daily increase of leaf area 
index or leaf dry weight in a sparse stand (S) and in a dense 
stand (D). The initial leaf area indices are 0.04 in the former 
and 0.4 in the latter. 


illustrated in Fig. 5-D;. There the hatched part corresponds to the leaves situated 
below mean daily compensation point. The ordinate expressing node number is sub- 
sequently revised into the ordinate of height of leaf insertion (Fig. 5-D,). Theoreti- 
cally the leaves below the chain line cannot produce dry matter positively, because 
the light intensities prevailing on these leaves are below compensation point, and the 
leaves will sooner or later perish to fall. In natural communities, however, the low- 
est surviving leaves of the constituent plants are different in height one another. 
Fig. 6 gives some examples for real plant communities. The lowest surviving leaf 
in each plant is distributed in the range of +30% of the mean height of the lowest 
surviving leaves in a sunflower stand, +33% in a reed stand, and +71% ina young 
stand of green gram. When we apply +30% to the above dense stand (D), some 
leaves succeed but the other fail to survive in the range between the two dotted lines 
in Fig. 5-D,. Here are included 77% of the 4th stratum numbered from the base, 
100% of the 5th stratum and 99% of the 6th stratum. Provided that the frequency 
curve as shown in Fig. 6 is approximated by a straight line, it follows that within 
the above range the 4th stratum loses 86.1% of its leaves; the 5th stratum, 54.0%; 
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Fig. 5. Comparison of vertical leaf distribution between a dense stand (D) and a sparse 
one (S) 30 days after the start of development. D,: Leaf amounts in LAIJas related to node 
number in stand D. The hatched part is below compensation point. D,: The ordinate 
is revised to express a relative height. The mean value of daily compensation point is 
at the level of the chain line, but the lowest surviving leaves practically range between 
the two dotted lines. D3: The top part is divided into the same thickness of strata as 
the lower strata, so as to be comparable with the foliage distribution revealed by strati- 
fying clip method. The lower part is also revised according to the frequency of heights 
of the lowest surviving leaves (see Fig. 6). D4: Leaf sizes or dry weights at different 
nodes of stem in an averaged plant in stand D. S,: Vertical distribution of leaves in 
stand S as related to relative height. Comparable with D3. S,: Leaf sizes or dry 


weights at different nodes of stem in an averaged plant in stand S. Comparable with 
Dy. 


0 
0 


the 6th stratum, 17.8%. Naturally, 100% leaves are lost below the lower dotted line. 
Taking these values into the calculation, we finally obtain Fig. 5-D; in a comparable 
form with the result obtained by the stratifying clip method. The foliage distribu- 
.tion of the sparse stand (S) is illustrated in S; (in the same scale with Ds), where in 
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Fig. 6. The height of the lowest 
leaf remaining alive in each plant, 
of 16 samples in a reed stand ca 2.6 
m. high (A), of 18 samples in a sun- 
flower stand ca. 1.2m. high (B) and 
of 50 samples in a green gram stand 
ca. 0.6m. high (C). The samples are 
arranged on the abscissa in the order 
of height. 


Similarity of vertical needle distribution 
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this stage of growth all leaves enjoy illumina- 
tions more than daily compensation point. 
The comparison of D3; with Ss indicates that 
the density effect upon the vertical foliage 
distribution has been successfully analysed. Dy, 
and S, in Fig. 5 represent the size of each 
individual leaf in an averaged plant in stands 
D and S, respectively. It is natural from the 
figure that as experienced in field works the 
individuals in the dense stand should have 
smaller leaves than have the individuals in 
the sparse stand, in so far as different plant- 
ing densities cause no difference in the time 
trend of leaf-emergence rate. In the same 
way, a plant in a weak light intensity, as 
under forest canopy, should bear smaller leaves 
on account of low productivity, so far as 
leaf-emergence rate is not much retarded and/ 
or ‘leaf dry matter index’’) is not so small as 
seen in many sun plants. Instead, if the leaf 
appearance is extremely delayed and/or the 
leaves become very thin seen in typical shade 
plants, leaf area should be rather larger. 


1 
3 


in coniferous trees 


Pinus densiflora, Chamaecyparis obtusa and 
Picea jezoensis have been reported to exhibit 
the herb type in the vertical distribution of 
needles*14), Coniferous trees in general bear 
long-lived needles, whose expansion takes place 
almost simultaneously at all branches. New 
needles are distributed in different proportions 
in main branches. It was recognized from 
the measurement in each of the main branches 
that the vertical weight distribution of the cur- 
rent-year-needle roughly followed a symmetric 
pattern (Fig. 7), as did the daily weight (or 
areal) increment of an individual leaf in herbs. 
This appears also the case in the data reported 
by Shidei et a/.1°). The reason why such pattern 
is established in forest trees is undoubtedly 
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Fig. 7. Distribution of  current- 
year-needles in an Abies Mariesii tree, 
measured at Mt. Shimagare, Nagano 
Prefecture. Numbers in ordinate 
mean the age of the main branches 
attached to the bole, and in inverse 
order, it approximately means the re- 
lative height at which the needles 
are held. 


348 Bot. Mag. Tokyo Vol. 74 


different from that in herbaceous plants, but the superficial coincidence of the pattern 
between herbs and coniferous trees will provide an apparent coincidence between the 
vertical leaf distribution in herbs and the vertical needle distribution in forest trees. 


Summary 


The development of foliage distribution in vertical direction in a plant communi- 
ty was interpreted by the equation concerning leaf growth presented in a previous 
paper’), in conjunction with stem growth. An analytical elucidation was given to 
varied types of foliage distribution met with natural plant communities or formed ex- 
perimentally with different planting densities, on the basis mainly of 1) the relation- 
ship between light penetration and production of matter, 2) increasing plastochrone in 
the shade and 3) fluctuation in height of the lowest leaves surviving inside a plant 
community. The theoretical calculation of leaf growth indicated that leaf sizes of 
densely grown plants are, on account of the low productivity of an individual plants, 
smaller than those in sparsely grown plants, so far as leaf-emergence rate is the same 
in both the cases. 


The author wishes to express his sincere gratitude to Prof. M. Monsi for his 
invaluable advice and encouragement. 
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Ecological Studies of Sasa Communities 
III. Photosynthesis and Respiration of Sasa kurilensis* 


by Yasuyuki OsHima** 


Received March 27, 1961 


Photosynthesis and respiration are the most important functions which can decide 
the dry matter production of a plant or a plant community. The dry matter produc- 
tion is changeable with the changes of these functions which have intimate relations 
not only to the environmental factors, but also to the productive structure of the plant 
or the plant community. Moreover, the structure develops as the resultant of the 
functions. 

On the basis of the dry matter production, the author has already clarified in a 
closed community of Sasa kurilensis its characteristic structural features and 
their changes with time’”). Further step of the investigation must be followed by 
the clarification of physiological functions: the seasonal changes of photosynthetic and 
respiratory activities as well as the changes with aging in relation to environmental 
factors, especially light and temperature. Concerning these problems, many studies 
have already been carried out in herbs and trees?-"*), but no information is available 
in Sasa. Here the author wants to present many data obtained during his study of 
the physiology and ecology of the Sasa community. 


Method 


Photosynthesis and respiration were measured with a modified Boysen Jensen: 
apparatus"®). Measurements of the former were carried out in summer of 1960 and 
of the latter in various seasons of 1958-1960, in a closed Sasa kurilensis community 
which developed under the optimal distribution condition at Mt. Waisuhorun in the 
southern part of Hokkaido’). 

For the measurement of photosynthesis, one-year-old or newly formed leaves. 
which situated at the upper layer of the canopy were cut at the base of petiole in 
water to secure the water absorption. The measuring conditions were saturated light 
intensity (30 kilolux) or sometimes varying illuminations, constant temperature (20°), 
and 0.03 vol. % COs (see also Saeki®)). The test leaves had to be renewed at inter- 
vals of about two hours because of the extreme susceptibility in photosynthetic activi- 
ty of the detached leaves against the water deficiency. 

Respiration was measured in the CO:-free air in various organs: leaves, branches. 
and main culms of various ages and whole rhizomes and roots. About 150-400 g. 
fresh weight of each organ in fresh weight were put in a dark chamber under moist condi- 
tion after covering the cut surface with water-free lanolin. Air temperature of the 
chamber was kept at the same temperature of the outdoors. Temperature coefficient of 
respiration was determined in each organ. Samples taken under snow cover were brought 
to the laboratory packed with snow and kept in it till the measurement was made. 


* Part of this investigation was supported by a Grant-in-Aid from the Scientific Research. 


of the Ministry of Education. 
** Department of Biology, Faculty of Science, Tokyo Metropolitan University, Setagaya, 


Tokyo, Japan. 
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When the room temperature is too low for the effective CO, absorption by 1/20N 
KOH in the absorption vessel, the latter was heated up. a 


Photosynthesis 


Gross and net photosynthetic activities of one-year-old and newly formed leaves 
measured in June-August are summarized in Table 1. In the same season Jlight- 
photosynthesis curves were also determined (Fig. 1). New leaves began to foliate in 


Table 1. Net and gross photosynthesis (at light saturation) and respiration of 
Sasa kurilensis leaves of various ages. Measured at 20°, in 1960. 


Date June 28 July 9 Aug. 18 
Leaf age il 1 curs 1S* . cur ts 
Net photosynthesis 

(mg. CO;/50 cm.2/hr.) 8.4 8.0 3.8 A TNT. 
Respiration 

(mg. CO,/50 cm.?2/hr.) 1S 1.02.4 0.671% 
Gross photosynthesis 

(mg..CO2/50 cm.2/hr.) 9.5 9. 0.6.42 Se O27, 


Compensation point (kilolux) RED: — 3.7 Se 


* young leaf; ** shade leaf; *** mature leaf. 


late June or early July, and their gross 
photosynthetic activity reached a maximum 
(ca. 9mg.CO./50 cm.2/hr.). From June to 
July, one-year-old leaves of upper layer of 
the foliage also showed the maximum photo- 
synthetic activity. In evergreen broad-leaf 
trees and conifers, several workers” *1°3) 
have already reported that the active leaves 
of these trees could maintain their maxi- 
mum photosynthetic activities till the be- 
0 9 20 39s ginning ~of autumn. After Pisek and 
kilolux Winkler’), subalpine conifers persisted in 
Fig. 1. Light intensity—gross photosyn- their maximum _ photosynthetic activity 
thesis curve in leaves of Sasa kurilensis at until the mean daily temperature fell to 
20° and 0.376 CO;. Upper curve, one-year- 9° and then in winter, in very low level 
a lower curve, young new leaf (see og photosynhetic activity. The activity re- 
i covered with air-temperature rising in the 
spring. The mean annual air temperature for S. kurilensis community in this station 
is 4.4°, and the monthly mean is above 0° except for the snowfull season. Therefore, 
it may be probable that upper leaves of S. kurilensis persist in a considerably high, 
maximal photosynthetic activity during the vegetation period from the end of May to 
the beginning of November. 
Maximum net photosynthesis observed in the active leaves of S. kurilensis was 
about 8 mg.CO,/50 cm.?/hr. under the conditions of light saturation and 20°. This falls 
in the range of the mean values in herbaceous plant of 7-8mg.CO:, and is higher 


mg.CO,/50 cm.2/hr. 
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‘than those in trees of 5-6mg. CO, in the same unit, though those values were ob- 
‘tained at 25°17), 

As shown in Fig. 2, the dry weight per 100cm.? leaf area of newly formed 
leaves increased from 0.45 g. to 0.80 g. in the period from June 27 to October 15, and 
decreased slightly thereafter and during the snowfull season. With thawing at the 
end of May the dry weight of the one-year-old leaves rapidly increased, and reached 
a maximum value of 1.03 g./100cm.? (July 8). So the photosynthetic rate’ per unit dry 
weight decreased with aging. New development of new leaves above one-year-old 
leaves brought about the decrease of dry weight as well as of photosynthetic activi- 
ty to the latter (Table 1 and Fig. 2). The seasonal changes in dry weight of shade 
thin leaves were about the same as those of 
sun leaves (Fig. 2). Younger leaves showed 
higher rate of respiration, higher compensa- 
tion point and lower photosynthetic activity; 
with maturing of the leaves photosynthetic 
activity increased and respiratory rate and 
compensation point decreased (Table 1), and 
the light-photosynthesis curve showed charac- 
teristics of sun leaves, as already seen in other 
plant species®®"415), 

Kuroiwa™) reported that the leaf tem- 
perature determined thermoelectrically in the 
assimilation chamber immersed in run- 


Dry weight per 100 cm? leaf area (g.) 
.. 


j-F MAM J JAS OND ning water under a condition of 30 kilolux illu- 
Fig. 2. Seasonal changes of dry mination and 0.006 m./sec. air movement was 
weight per 100cm.? leaf area of sun in Fagopyrum esculentum 2.7°, and in Abies 


and shade leaves in S. kurilensis. Solid 2.0° higher than the air temperature in the 
pars saan as broken «lingst shade chamber of 20°. In consideration of these 
leaves. Open circles, new leaves; solid a wee 
5 : data, it may assumed that a similar slight 
circles, one-year-old leaves; double 1 ; : 
circles Mtworyenk-old leaves. temperature elevation occurred in the Sasa 
leaf whose assimilation was measured under 
‘the similar condition, except for air movement of 0.020m./sec. Lacking in detailed 
temperature data, however, presents the correction of the photosynthetic rate obtained. 
New leaves of Sasa nipponica, nikkoensis and oseana are thinner than those of 
.S. kurilensis in summer (Table 2 and see also a previous paper')), and this may sug- 
gest that the photosynthetic activity on an area basis in those Sasa species is lower 
than that in S. kurilensis. 
As mentioned before, the hourly photosynthetic activity of S. kurilensis leaves per- 
-sisted at a certain level during the vegetation period. The daily rate of photosyn- 


Table 2. The mean dry weight per unit leaf area of new leaves 
in four species of Sasa. 


Species Date g. Dry weight/100 cm.? 
S. nipponica Aug. 27 0.48 
S. nikkoensis Aug. 13 0.50 
S. oseana Aug. 10 0.62 
S. kurilensis Aug. 15 0.73 
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thesis, however, should change seasonally with 

the changes in day length and in the amount of 15 
daily solar radiation. The daily gross photosyn- 
thesis—relative light intensity curve for each 
month of the vegetation period was constructed 
by Saeki’s method!”) for the hourly photosyn- 
thesis (the upper curve in Fig. 1) and the daily 
solar radiation at the station. The latter was 
estimated from the mean daily march of illumi- 
nation observed by Hirayama!®) in Tokyo in con- 
sideration of the height of sun at 43°N and the 
transmissibility of air. The mean daily photo- 
synthesis, which is represented as gain in 
(CsHi,Os)n for a direct comparison with plant 
growth in dry weight, can attain in 100% light 
a maximum of 15.8¢./m.2 in May, June and 


May Jun. Jul 


Photosynthesis (g.d.w./m.2/day) 


Ae: ve ; 
al and a minimum of 11.8 g./m.? in Novem 05 ke cae ae 
er. 
: 1. light intensit 
In these calculations, however, the tempera- ; oo ppantlnek y 
ture factor which modifies seasonally photosyn- Fig. 3. Relative light—daily gross. 


photosynthesis curves of active leaf 
of Sasa kurilensis under the light 
conditions at Mt. Waisuhorun, sou- 
thern Hokkaido. 


thesis in the field was not considered. Monthly 
mean temperatures in May, October and Novem- 
ber were respectively 8.6, 7.4 and 0.2° at the 
station, being far less than 20° for the photo- 
synthesis measurement. Although the daytime temperature at which the plant as- 
similates must generally higher than the said temperatures, the mean daily photosyn- 
thesis curves for these months are to be fairly lower than those illustrated in Fig. 3. 
Concerning this the winter will discuss in the next paper. 


Respiration 


The seasonal changes in respiration rate of leaves and main culms of various. 
ages and of whole rhizomes and roots per g. dry weight per hr. at 20° were illus- 
trated in Figs. 4 and 5. Values of respiration of branches of each age and seasonal 
changes in them are very much similar to those of culms. 

The maximum respiration rate of new culms was observed at the end of May 
when the shoots were about 1-2cm. high, and that of new leaves, at the end of June 
immediately before the unfolding. They were of the same value amounting to 6.5 mg. 
CO:/g.d.w./hr. (see Fig. 5b). Respiration rate of these new organs decreased with 
time till November, as seen in the various organs in other plants*!2"), 

After thawing, the respiration rate of the organs of one-year-old or more, and of 
whole organs began to increase and reached a maximum when the reserved sub- 
stance was violently transformed into newly formed organs. The maximum value of 
one-year-old and many-year-old main culms, branches and leaves was seen at the end 
of June, while that of whole rhizomes and roots at the beginning of July. After the 
respiration rate decreased gradually with time till November, and a nearly constant 
low value of respiration rate was maintained during the season of snow accumulation. 
(see Figs. 4 and 5). Ratios of maximum value to winter value in respiration of leaf, 
culm, branch, rhizome and root were 1.3, 2.0, 2.0, 1.5 and 2.7, respectively. 
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Fig. 4A; Seasonal change of respiration rate at 20° of S. kurilensis leaves 
of each age. Numerals at the curves indicate age of leaves. 

B; Seasonal change of respiration rate at 20° of the rhizomes and roots. 
Upper curve, roots; lower curve, rhizomes. 
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Fig. 5. A; Relation between the respiration rate at 20° and the age of main 
culms of Sasa kurilensis. a, June 27; b, July 7; c, Aug. 19; d, Oct. 15; e, 
April. 29. 

B; Seasonal change of respiration rate at 20° of the main culms of each age. 
Numerals at the curves indicate culm age. 


Aging brings about the decrease of respiration rate in leaves, culms and branches. 
After three years, however, culms and branches keep almost constant respiration 
rates (see Figs. 4a and 5b). It is generally known that the thickening growth de- 
creases the respiration rate of branch and trunk*"), probably for the sake of in- 
crease in the volume of non-living tissue. In the culm of Sasa observed, however 
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Water content (%) 
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Fig. 6. Seasonal change of water content of each organ of Sasa kurilensis. 
(A), leaves of each age (solid circles) and rhizomes (open circles); (B), main 
culms of each year of age (or branches of each age). Numerals at the curves 
indicate of culm age. 


there occurred neither thickening growth nor elongation after two years, while the 
dry weight increased during first three years. Furthermore, as seen in Fig. 6, the 
water content of each organ, except for the newly formed one, also showed the: 
maximum value at the time when rapid transformation occurred, and main culms. 
and branches more than three years old maintained unchangeable water content 
regardless of aging. These trends well agree with the results obtained in the res- 
piration rate (Figs. 4 and 5b). From the above facts, it is possible to say that after 
three years the quantitative ratio of living tissue to non-living tissue in each organ 
is almost constant and the living tissue keeps its activities unchanged. This may be- 
the main reason for the characteristic time trends of the respiration rate observed in 
S. kurilensis. The maintenance of a certain respiration rate of old non-photosynthe- 
tic systems, together with the large amount of the systems, causes a very high an- 
nual respiration loss to the whole community, which will be discussed in the next: 
paper. 


Table 3. Comparison between Sasa kurilensis and S. nipponica in respiration 
of one-year-old leaves and of new culms. 


Respiration rate inmg. CO,/g.d.w.;hr. 


Species Date one-year-old leaves New culms 
S. kurilensis (Mt. Waisuhorun) Aug. 15 0.50 0.28 


S. nipponica (Mt. Kirigamine) Aug. 21 0.52 0.27 


Table 4. Temperature coefficients of respiration in various ranges of temperature. 


Organ Age Date Range of temp. Qio | Organ Age Date Range of temp. Qio 
Leaf 0 year Oct. 14 11.0—21.2° 2323 Gilm Otyear. Oct. «15 t--1321-423872°° 1-9 
Leaf 0 Oct. 14 17.7—27.1 2.0 | Culm 1 Jun. 26 10.0—19.1 2.0 
Leaf 1 Apr. 28 11.2—20.0 2.1 | Culm 3 Apr. 27 3.0—10.0 2.6 
Leaf 1 Apr. 28 3.0—10.0 2.6 | Culm 3 Apr. 27. 11.1—20.0 2.0 
Leaf 1 Apr. 28 3.0—20.0 2.3 | Culm 3 Apr. 27. 3.0—20.4 2.2 
Leaf 1 Jun. 26 10.0—20.0 2.3 | Rhizome Whole Apr. 27 10.8—19.5 2.0 
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Respiration rate measured in winter at 20° of leaves, non-photosynthetic system 
of aerial part, rhizomes and roots were 0.62, 0.066, 0.09 and 0.11lmg. CO,/g.d.w./hr., 
respectively. The summer respiration of one-year-old leaves and new culms were 
almost the same in respective organs in Sasa kurilensis and S. nipponica (Mt. Kiri- 
gamine) (Table 3). 

Temperature coefficient of the respiration rate was determined in every season 
in each organ of various ages. Some of the data obtained were summarized in Table 
4. There was no great difference as to Qi obtained in other plants, regardless of 
wide ranges of ages and seasons; at 10-20°, 1.9-2.2, and at 3-10°, ca. 2.6. Leaves 
showed slightly higher Qio than that of non-photosynthetic organs. 


Summary 


Physiological characteristics, photosynthesis, respiration, water content, and 
thickness of leaves were measured in Sasa kurilensis of a closed community at. Mt. 
Waisuhorun, 60 km. W from Sapporo, Hokkaido. 

1. Gross photosynthesis of new leaves unfolded late in June increased and 
reached a maximum value of 9.0-9.5mg.CO:/50cm?./hr. at the middle of August. 
This high value persisted till the next July, except for the snow season from the 
beginning of November to the end of May. With the development of the new leaves 
the photosynthetic activity of one-year-old leaves decreased in August. 

2. The new leaves showed higher respiration and higher compensation point, 
and rather lower photosynthetic activity, than the matured leaves. 

3. After foliation the thickness of leaves in the upper canopy increased till July 
of the next year except for the period under snow accumulation, and thereafter it 
decreased slightly till the shedding in the following summer. 

4. Relative light intensity—daily gross photosynthesis curves for active leave have 
been constructed on the basis of the hourly photosynthesis curve and the daily march 
of illumination at the station in each month of vegetation period. 

5. Respiration rate and water content in each organ increased rapidly with thaw- 
ing, and reached their maximum values late in June or early in July. Afterwards 
they decreased gradually till the snow period when they maintained nearly constant 
low levels under snow accumulation. 

6. The respiration rate and water content of young leaves and culms decreased 
with aging. After three years, however, a constant respiration rate was maintained. 

7. Qo-values in each organ were 1.9-2.2 at 10-20°, and ca. 2.6 at 3-10°. 


The author should like to express his sincere thanks to Prof. K. Hogetsu of Tokyo 
Metropolitan University and Prof. Monsi of the University of Tokyo for their valuable 
advice and suggestion. His thanks are also due to Mr. I. Matsuoka from whom he 
has received many helps during the work in Hokkaido. 
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On the Growth Substance Economy before and after Flowering 
in Each Organ of Portulaca grandiflora Hook. 


by Takeyosi Hori* and Masaji Fusi* 


Received April 5, 1961 


Chailakhyan') (1938) in his experiments on the Pervilla nankiensis named the flower 
initiation hormone and the flowering hormone ‘‘florigen.’’ Melchers (19392)) in his 
experiments on the flowering of anual, biennial, short-day and long-day plants named 
the flowering hormone “ vernalin.”’ 

It seems quite probable that the growth substance is related to the phenomenon 
of elongation since the petals elongate in flowering. Therefore it is of importance 
‘to observe the growth substance economy in the petals in order to make clear the 
mechanism of the opening and closing of flowers. 

Various experiments are now in progress on the phenomena of the opening and 
closing of flowers. 

In our experiments was measured the growth substance content in the petals and 
other organs before and after flowering. The phenomena of the flowering and the 
‘wilting of the flowers were also observed. 


Materials and Methods 


1. Material: Portulaca grandfliora Hook. was used in our experiments. The 
seeds were planted in the sand in a green house at 27°-28° in March. The plants 
were transplanted between May and June. The experiments were carried out from 
July to August. The petals were collected at 20 and 24 o’clock on the day before 
flowering and in every 2 hours from 2 o’clock to 24 o’clock on the day of flowering, 
and at 4 and 8 o’clock on the day after flowering. The ovaries, the leaves and the 
stems were collected at 6, 12 and 18 o’clock on the day of flowering. The material 
for dry weight measurement was collected from the separate experimental material, 
and dry weight per 1g. fresh material was measured. 

2. Agar block: Agar block was manufactured by the method mentioned in the 
Experimental Text-book of Plant Physiology’). That is, the growth substance was 
extracted with ether from the material, and agar block (2x2x2mm.’) was made by 
evaporating the ether and adding agar to the residue. 

3. Avena test: Avena test was used for the bioassay of the growth substance 
according to the Experimental Text-book of Plant Physiology*), and Avena seeds 
Victory 1) were obtained from Hokkaido in 1958. The curvature was measured by 
the shadow print. The growth substance content was measured in relation to the 
IAA concentration and the curvature‘). 


Results and Discussion 


1. Morphological changes in flowering, and the growth substance and the water 
content in petals. 
The flowers are covered with the calyxes at 20 0’clock on the day before flower- 
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ing, and only a small portion of the petals is observed at the tip of the yt ee i 
stage continues till 6 o’clock on the day of flowering, and about at 7 0 clock the flower 
denly become large and the petals burst open. 

Serna ase that hes place between 6 and 10 o’clock are remarkable, and the 
flowers are in full bloom at 10 o’clock. This state of full bloom continues for 1 or 
2 hours, and the flowers begin to wither at 14 o’clock. The morphological changes. 
of the flowers, the growth substance economy and the water content in the petals are 
as follows. The flower buds gradually become inflated, and the growth substance 
content increases gradually, too (Fig. 1). The flower buds suddenly begin to burst 
between 6 and 8 o’clock on the day of flowering. The growth substance content also. 
shows a rapid increase. The growth substance content at 8 o’clock is ten times and 
that at 10 o’clock is 50 times, as much as that at 6 o’clock. The growth substance 
content which has reached its maximum at 10 o’clock decreases rapidly after flower- 
ing, being at 12 o’clock only one-twelfth of that at 10 o’clock, and after that shows 
a gradual decrease (Fig. 1). This means that the growth substance content in the 
petals is at its maximum when the flowers are in full bloom. The changes that take 
place in the water content have a similar tendency to those in the growth substance 
content. The water content, which has been increasing gradually till 6 o’clock, shows. 
a rapid increase between 6 and 10 o’clock and decreases gradually between 10 and 18 
o’clock, and after that decreases remarkably (Fig. 2). 

On the whole, both the water content and the growth substance content increase 
rapidly when the flowering begins, reach their maximum when the flowers are in full 
bloom, and decrease rapidly after the flowering has ceased. Though we have not yet 
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published this in any written form, in the petals, the tendency as observed in the 
change of growth substance and water content was also noticed in that of respira- 
tion, and glucose and fructose content. 

From this fact, it is found that the growth substance is brought into full activity 
when there are abundant water, glucose and fructose in the petals. Moreover, in 
order that the flowers may come out, a certain period of time and a certain tem- 
perature are required after the differentiation of the flower buds (Reference to this. 
observation is to be found in ‘‘ An Experiment on Environmental Factors in Flower- 
ing’’ by Hori T., unpublished). And it seems quite probable that tryptophan is. 
accumulated only when a certain amount of heat, light and darkness are allowed for 
a certain period of time, and that the growth substance is produced with the changes: 
of the composition in the cells of other organs of the flowers. 


2. The growth substance economy in the leaves, stems and ovaries. 


No change is found in the amount of growth substance of the leaves and the 
stems, even when the growth substance content in the petals is at its maximum at. 
10 o’clock (Fig. 1). The flowers open even when the leaves are eliminated on the 
2nd day before flowering (Reference to this observation is to be found in ‘‘ An Ex- 
periment on Environmental Factors in Flowering’’ by Hori T., unpublished). 

In the normal green plant, auxin is produced in the apical bud or buds and 
translocated from these buds to the lower portions of the stems. The young expand- 
ing leaves may also produce auxin in large amounts, and in many species mature 
leaves serve as centers of auxin synthesis, although they in general export only a small 
or negligible quantity of the material’). 

Experiments were carried out by Sdding (1926°)) with the flower stalks of Car- 
damine, Cephalaria, and some composites and he showed that the auxin-producing 
organ was, in these cases, the flower or the inflorescence. This was confirmed for 
Bellis by Uylder (1927°)). 

Therefore it may be concluded that there is no direct relationship between the 
growth substance in the leaves and that in the petals, and that the. growth substance 
in the petals is produced in the petals themselves which are. homologous with the 
leaves, in the same way that the growth substance is produced in the leaves and. 
the buds. 

The growth substance in the ovaries increases continuously (Fig. 1). From this. 
fact it may be inferred that the growth substance increases with growth of the ovaries. 
as the result of pollination, and that there is no direct relationship between the 
growth substance in the petals and that in the ovaries. Now the growth substance 
in the ovaries keeps on increasing and the ovaries grow remarkably after the petals. 
have grown up and the growth substance in the petals has reached its maximum. 
From this we find that the period of growth in each organ is different. 

The growth substance increases while the petals and the ovaries are growing, 
and the growth substance in the petals decreases after the petals have wilted, and 
so the growth substance economy in each organ is in accordance with the external: 


changes in it. 


3. On the closing of the flowers. 
After 10 o’clock the growth substance, water, respiration, glucose and fructose 
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in the petals decreases rapidly and the petals cease to elongate. It seems that the 
increase of the respiration, the consumption of the glucose and fructose, and the de- 
crease of the growth substance in flowering cause the petals to cease to elongate, 
and one of the causes of wilting may principally be the decrease of water, because 
the water in the petals decreases, as the supply of water from the roots is intercepted 
after the formation of the abscission zone®), and at the same time water evaporates 
from the leaves. It may be concluded that the petals wilt more quickly as a large 
quantity of water evaporates at a high temperature and as glucose in the cells de- 
‘creases. To sum up, in order to bring light on the subject of the opening of flowers 
and their closing, studies of the metabolism in the organs and their correlation are 
required. And so studies are now in process on the carbohydrate, N-compounds and 
other organic or inorganic compounds and the activities of the respiratory enzymes 
such as catalase, peroxydase, etc., in various organs of Portulaca grandiflora Hook. 
and the various factors of the environment (temperature, light and water supply etc.). 


Summary 


The growth substance of the petals, leaves, stems and ovaries before and after 
flowering in Portulaca grandiflora Hook. was measured by the Avena test. The 
results are as follows. 

1. The growth substance content in the petals is at its maximum at 10 o’clock 
when the flowers are in full bloom. Its increase and decrease in the petals before 
and after flowering are remarkable: 

2. The growth substance in the petals is produced in the petals themselves. 

3. The water content in the petals is at its maximum at 10 o’clock when the 
flowers are in full bloom. 

4. The growth substance content in the leaves and the stems is constant on the 
day of flowering. 

5. The growth substance content in the ovaries increases on the day of flower- 
ng. 

6. The order of the growth substance content per unit dry weight is ovary> 
‘petal>stem > leaf. 
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Effect of Temperature and Nutrients on Flower Initiation 
of Raphanus sativus L. in Total Darkness 


by Kazuyoshi KiImuRA* 


Received April 12, 1961 


Biennial or winter annual plants are known to require low temperature at the 
initial stage of plant growth and subsequent high temperature at long day condition 
for flower initiation. However, evidences are available which show that flower pri- 
mordia of certain higher plants can be initiated in total darkness!-!'). Tashima and 
Kimura’) found that flower primordia of Raphanus plants were initiated during 40 day 
cold treatment at 5° in total darkness, visible flower buds were initiated, and some 
of them even flowered at the end of 120 day cold treatment. 

By using aseptic culture method, the present experiments were conducted in order: 
to study the effect of temperature, nutrients and cotyledons on flower initiation in 
total darkness. 


Material and Methods 


The material used for the experiment was a variety of Raphanus sativus L..,. 
Minowase. This variety is highly sensitive to vernalization. Unless otherwise men- 
tioned, the basic culture medium was a modified White’s medium containing Ca(NO3)z- 
200 mg., MgSO, 360 mg., NazSO. 200 mg., KNOs; 80 mg., KC] 65 mg., NaH2PO, 16.5 mg., 
MnSO, 4.5mg., ZnSO: 1.5mg., KI 0.75 mg., Fe-citrate 4mg., sucrose 50g., agar 10g. 
and distilled water 1000 m/. The test tubes containing about 10m/. of the culture: 
medium were autoclaved at 1.5kg./cm.? overpressure for 20 minutes. 

Seeds were sterilized by immersing them in 75% alcohol for 5 minutes, in 10% 
calcium hypochlorite solution for 30 minutes and then in 3% hydrogen peroxide for 
30 minutes. Four seeds were sown in each tube. The tubes were wrapped with 
light-proof paper, kept at 25° for 24 hours and then subjected to various experiment- 
al treatments. 

The developmental stages of flower primordia are classified in five grades (Fig. 
1). Each experiment was repeated two or three times, and almost similar results. 
were obtained. Therefore only typical results are reported in this paper. 


Experimental Results 


1. Effect of temperature: After 24 hour incubation at 25°, the tubes containing: 
germinating seeds were placed under constant temperatures of 0°, 5°, 10°, 15° and 
20-25° in total darkness for 120 days (Table 1). The flowering response was maxi- 
mum at 5°. It decreased with the rising of temperature, and all the plants at 
20-25° died at vegetative stage after having developed about 10 leaves. Plants cul- 
tured at 0° grew poorly and developed only 5 to 6 leaves. They developed no flower 
buds at the end of an additional 40 day treatment at 0°. But when these plants were: 
transferred into another 10 day treatment at 25°, they initiated flower buds at the- 
7.5th node on the average. 
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5 mm 


Fig. 1. Developmental stages (0-5) of flower primordia of 
Raphanus sativus L. 


Stage 0 : Vegetative state. 

Stage 1-3: All flower primordia are covered with leaves. 
Stage 4 : Flower buds are exposed from leaves. 

Stage 5 : Open flowers. 


Table 1. Effect of temperature on flower initiation in total darkness for 120 days. 


: Temperature No. of Flowering Flowering No. of Epicotyl length 
(°C) plants (percent) stage leaves* in mm.* 
0 16 0 0 ( 6.340.25) — (1.20.13) 
5 50 96 2.7+0.11 6.6+0.13 4.7+0.14 ( 4.70.42) 
10 50 ie 2-20.20 «7580.17 12.0+0.95 (11.5+0.88) 
15 20 20 O.92£0.24 “StS 0F22 10.4+0.84 Otros =) OL) 
20—25 19 0 0 (10. 7-40.46) — ( 8.8+1.03) 


* The number of leaves and the length of epicotyls of plants without flower primordia are 
enclosed in parentheses. 


The length of epicotyls in the flowering plants was 4.7mm. at 5°, that is, the 
plants cultured at 5° initiated flower buds without notable elongation of epicotyl. 

2. Effect of sucrose: The effect of sucrose in the medium on flowering in total 
darkness was examined with the plants subjected to 5° for 50 days and 120 days. The 
observation in the latter group was carried out at the end of the cold treatment, and 
in the former, 30 days after submitting to 20-25° following the 50 day cold treatment. 
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The result was evaluated from the percentage of flowering plants and from develop- 
mental stages of flower primordia. 

In 50 day cold treatment, flowering responses were nearly the same over the 
range of sucrose concentration from 2 to 10 percent, although all the plants cultured 
on media without sugar remained in the vegetative state and died after having 
developed about 6 leaves (Table 2). But the plants which were kept at 5° through- 
out the experiment for 120 days initiated flower primordia without any supply of 
sucrose and any light treatment (Table 3). 


Table 2. Effect of sucrose on flower initiation in total darkness (50 day vernalization). 


P | 
pene ia No. of Flowering Flowering No. of 
iGatsats plants (percent) stage leaves 
0 ills 0 0 (6.7+0.18)* 
2 40 98 2.7+0.10 6.6+0.14 
5 40 100 Seas Os 6.7+0.14 
10 28 96 2.8+0.15 7.0+0.15 
* Vegetative plants without flower primordia. E 
Table 3, Flower initiation in total darkness at 5° for 120 days. 
Percentage No. of Flowering Flowering No. of 
of sucrose plants (percent) stage leaves 
0 40 100 2.4+40.13 621-03 
5 30 100 3.1+0.09 6.30.13 


It is noteworthy that when Raphanus plants receive sufficient cold treatment, they 
produce flower buds in total darkness without any supply of sucrose. This result 
does not coincide with many reports*®-1!) which claimed the necessity of sucrose 
supply for floral initiation in total darkness. 

3. Effect of inorganic nutrients: In order to examine the effect of nutritive 
components, the following series of culture medium were used. A, 1% plain agar; 
MA, minerals+1% agar; SA, 5% sucrose+1% agar; and MSA, minerals+5% sucrose+ 
1% agar. 

The plants germinated on the above media were kept in a dark incubator at 5° 
for 120 days. Control plants were grown under continuous illumination and in total 
darkness, at 20-25°. Flower primordia were initiated in all the plants kept in the 
dark at 5° irrespective of the components of culture medium, while at 20-25° no 
flowering was observed regardless of components or light conditions (Table 4). The 
flower initiation seems not to depend upon the composition of the culture medium 
but only on the temperature; however, in the media with sucrose, more advanced 
stages of flower primordia were observed than in those without sucrose. 

From this fact it may be concluded, that the addition of sucrose to the medium 
affected the floral growth rather than the flower initiation. The substances needed 
for the latter process seems to be stored in the seed or prepared by the cold treat- 
ment under dark condition. 
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Table 4. Flower initiation after 120 days on the media of different compositions. 


Tempera- | yj Components No. of Flowering Flowering No. of 
| ght | 0. 0 oe 
pre of | condition | seus. eek | plants (percent) stage leaves* 
A 18 100 2.4+0.12 6.4+0.21 
MA 20 100 2.1+40.13 6.6+0.18 
5° total 
darkness SA 23 100 3.540.138 6,440.17 
MSA 27 100 3.6+0.08 6.3+0.17 
A di) 0 0 (10.5+0.31) 
continuous MA 15 0 0 (13.3+0.49) 
illumina- 
tion* SA 15 0 0 (10.9+0.31) 
MSA 5 0 0 (10.30.28) 
20—35° 
A 10 0 0 ( 8.3+0.19) 
total MA 10 0 0 ( 8.340.25) 
darkness SA 10 0 0 € 9.140. 28) 
MSA 10 0 0 (11.8+0.47) 


* As light source a 100 watt incandescent lamp and two 20 watt day light fluorescent tubes- 
were used, which were fixed in the incubator, 50cm. above the plants. 

** A, 1% plainagar; MA, minerals+1% agar; SA, 5% sucrose-+1% agar; MSA, miner- 
als+5% sucrose+1% agar. 

*** The number of leaves of plants without flower primordia is enclosed in parentheses. 


4. Effect of the cotyledons: In order to examine the effect of cotyledon, either 
one or two of cotyledons of Raphanus plants were cut off aseptically 2 days after 
germination. The treated plants and the intact plants were kept under dark condi- 
tions at 5° on the White’s culture medium containing 1% agar and 5% sucrose for~ 
50 days and then subjected to darkness at 20-25° (Table 5). 

All of the intact plants initiated flower primordia. In the plants with one co- 
tyledon and without any coty-ledon, the percentages of flowering plants were 83% and 
63%, respectively. Flowering stage and the number of leaves varied with the number 
of coty-ledons. 

Plants with two, one or no coty-ledons were kept on the medium without sucrose- 
or 5% sucrose at 5° for 120 days (Table 6). On the media containing sucrose, all plants. 
initiated flower primordia and the number of leaves did not vary with the number of 


Table 5. Effect of the cotyledons on flower initiation in total darkness 
(50 day vernalization). 


No. of No. of Flowering Flowering No. of 
cotyledon plants (percent) stage leaves 
0 16 63 1.8+0.35 8.9+0.25 
1 18 83 2.3+0.28 8.1+0,21 
2 30 100 3.6+0.11 6.5+0.20 
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Table 6. Effect of cotyledon and sucrose on flower initiation 
in darkness at 5° for 120 days. 
aN No. of No. of Flowering Flowering No of 
of Sucrose | cotyledon lants ( € t ih * 
Faavendia y | p percent) stage eaves 
0 10 0 0 (5.6+0.28) 
0 1 10 0 0 (5.7+0.25) 
2 20 100 2.140.138 6.6+0.18 
0 20 100 3.1+40.04 6.8+0.25 
5 1 25 100 3.2+0.10 6.3+0.14 
2 27 100 3.6+0.08 6.3+40.17 


* The number of leaves of plants without flower primordia is enclosed in parentheses. 


cotyledons. 
two than in those with one or without cotyledons. 


More advanced stages of flower primordia were found in the plants with 


On the media without sugar, 


flower primordia were observed on all the intact plants, but not on those with one or 
no cotyledons. 
More detailed experiments were carried out in relation to various combinations of 


the components of culture medium and the number of cotyledons (Table 7). 


Table 7. Effect of cotyledon in relation to the components of the culture medium 
on flower initiation in darkness at 5° for 120 days. 


On A 


aa P ait a No. of No. of Flowering Flowering No, of 
O ae La | cotyledon plants (percent) stage leaves** 
0 13 0 0 (5.5+0.25) 
A 1 10 0 0 (6.0+0.29) 
2 17 94 1.3+0.19 6.5+0.12 
0 8 0 0 (6.1+0.21) 
MA 1 8 0 0 (6.3+0.18) 
2 19 100 1.6+0.16 6.7+0.14 
0 15 100 3.5+0.13 6.1+0.21 
SA ih 15) 100 3.4+0.16 6.4+0.21 
2 28 100 3.8+0.11 6.3+40.13 
0 20 100 2.9+0.11 7.140.16 
MSA 1 20 100 3.1+0.07 6.8+0.18 
2 26 100 3.2+0.09 6.5+0. 12 


* A, 1% plain agar; 
minerals--5% sucrose+1% agar. 


MA, minerals-++-1% agar; 


SA, 5% sucrose+1% agar; 


MSA, 


** The number of leaves of plants without flower primordia is enclosed in parentheses. 


. 74 
366 Bot. Mag. Tokyo Vol 


and MA media, the plants deprived of one or two cotyledons remained rae 
vegetative and died after having developed 5-6 leaves, but on SA and MSA me - 
all the plants initiated flower primordia. The number of cotyledons did not. signin- 
cantly influence the percentage of flowering plants and the number of leaves pro- 
duced. The flowering stage showed low values on sugarless medium. . 

When the plants were cultured on the medium containing 5% sucrose at 5° for 
120 days, the plants having no cotyledon initiated flower primordia in total darkness. 
The plants with cotyledons on sugarless medium gave the same result. Sucrose has 
the same effect on initiation of flower primordia as cotyledons. 


Discussion and Conclusion 


As regards the flower formation, several theories have been advanced??-), In 
general, biennial or winter annual plants complete their flowering process under a 
day conditions at high temperatures following the cold treatments’*). Melchers ) 
believed that in biennial and winter annual plants a hormone, “‘ vernalin’’, 185 DP, 
duced by low temperature treatment and then another hormone, “‘ florigen’’, is pro- 
duced with a long day condition at high temperature. 

For flower initiation of Raphanus sativus, Tashima reported that the effect of 
vernalization began to be observed after 5 day treatment at 5-7°, and it reached its 
maximum after 15 to 20 days. In aseptic culture the first flower primordium under 
total darkness was differentiated at the same node as that under long days, but under 
short day conditions it appeared at higher node. The results of Tashima and Kimu- 
ra’s experiment!) indicated that light and high temperature are not essential to the 
initiation of flower primordia in this plant; the primordia are already initiated in 
total darkness during the period of 40 day cold treatment, and at the end of 90 or 
120 day treatment, visible flower buds and even open flowers were developed. 

In the present experiments in total darkness the flower primordia were induced 
only by low temperature treatment without warm photoperiod. The flowering res- 
ponse decreased with the rising of temperatures from 5° to 25°. At 20-25°, which 
is the optimum temperature for vegetative growth of radish, the flowering was not 
observed even after 120 days. Vegetative growth is strongly retarded under cold con- 
dition, but the flowering process of the plants in total darkness was completed under 
cold condition. Although no morphological changes are recognized at the growing 
point, the flowering of plants seems to be induced even at 0°, because flowering oc- 
curred soon after treatment of the plants at high temperature. . 

In general, the plant which requires vernalization would bolt accompanied by 
flower formation; the main axis would begin to elongate to form an inflorescence. 
In this study, however, the flower primordia can be initiated without elongation of 
the epicotyl, and the length of epicotyl is decreased at low temperature, though the 
percentage of flower initiation and the stage of flowering increased. In experiments 
with wheat (Kimura, unpublished experiment), the author has observed that 
the stem’ is capable to elongate without initiating flower primordia by gibberel- 
lin application. Konishi!’) observed that the bolting of Silene varied with the. season 
al changes of temperature. Murneek" reported that Rudbeckia plants with extremely 
reduced or inhibited stem (rosettes) were able to produce flowers normally under a 
certain combination of photoperiods and that stem elongation and flowering were the 
two separable physiological phenomena. In view of these observations, it may be 
considered that the stem elongation (bolting) is not always concomitant with the flower 
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initiation. 

Some workers have succeeded in initiating flower primordia in total darkness by 
a sugar feeding technique**-"!), They claimed that the addition of sugar to the 
‘medium had a physiological significance for flower initiation. The plant in the present 
experiment, however, initiated flower primordia on a medium containing no sugar 
(Table 3, 4). This fact seems to indicate that all the materials or their precursors 
required for flower initiation in darkness are produced in the germinating seed during 
the cold treatment of sufficient length. The plants themselves may produce sufficient 
amount of hypothetical flowering substances. 

Many investigations on the effect of cotyledon or endosperm on vernalization 
have been made‘*’’!9’?0’21), When cotyledons were removed, the flower initiation of 
the plant, kept in total darkness at 5° for 120 days, occurred only on the medium 
supplied with 5 percent sucrose (Table 6, 7). In floral initiation the roles of cotyledon 
seem to be replaced by sucrose. 

The developmental stage of flower primordia at the end of 120 day culture 
becomes more advanced with the supply of sucrose or in the presence of the coty- 
ledon; the development of flower primordia may be promoted by sucrose or by the 
cotyledons. Minerals had a very slight influence on flowering. The dry weight of 
the plants was greatly affected by the environmental factors, but no clear correlation 
between dry weight and flowering response was found. 


Summary 


The flowering behavior of Raphanus sativus L. aseptically cultured in total dark- 
ness was studied. 

1. The plants developed flower buds by 120 day cold treatment in total darkness. 
The flowering response is maximum at 5° treatment, and it decreases with the rising 
of the treated temperatures from 5 to 25°. At 20-25° the flowering is not observed 
even after 120 days. 

2. In dark culture at 5° for 120 days, the plants initiate flower primordia even 
on plain agar medium. All the substances required for flower initiation in darkness 
seem to be produced in the seed by cold treatment. 

3. Plants deprived of cotyledons initiate flower primordia only in the presence 
of sucrose. 

4. Light is not necessary for the flowering during or following the thermal treat- 
ment; the combination of long days and high temperature is not essential to the 
initiation of flower primordia. 


I wish to express my deep gratitude to Prof. S. Imamura and Assist. Prof. M. 
Hamada, Laboratory of Applied Botany in Kyoto University, and to Assist. Prof. Y. 
Tashima of Kagoshima University for their helpful suggestion and criticism through- 
out the investigation. 
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Table 1. Leaf carotenoids of Metasequoia glyptostroboides 
solvent ee oe CS. Chloroform Hexane Decided 
Band ..., Color of Color of Color of Color of name 
bad solution A.S.M, solution A. i M. solution A.S.M. solution A.S.M 
425 450 420 
et XO 7 40 6. \.a7v Oty, 100 y | 445 | a-Carotene 
peat ee 477 509 475 
Wsser 420 . 445 435 420 ’ 
1 OEE nd Y 443 OY | 469 Yoo} 452 Yo | 440 | Violaxanthin 
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=| ot zs aj i 
= 425 445 428 | 420 
8 raake ay IL TAZ TOBM * (O 475 Yo | 455 y | 445 | Lutein 
© re 477 508 487 475 
Ss) ; Ho) ae 
3 | Pink 451 480 460 450 : 
On| pand oes 4 Bit 1507 PO | 485 otal ast Se al oe 


A.S.M., absorption spectrum maxima(myp); Y, Yellow; Yo, Orange Yellow; YO, 


Yellow Orange; O, Orange; ‘Pp, Pink; PO, 


Pinkish Orange. 
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Fig. 1. The absorption spectrum of pink 
carotenoid from autumnal leaves of 
Metasequoia (in light petrolium). 
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Fig. 2. Variation of carotenoid content in 
Metasequoia leaves. 


July-August, 1961 


S. 
7e38, 2R«e24 TOBMKEI 11 AOI CMA» 
DAICBYT Sted 5g. ORK"FOAR FAITE 
‘DBLEWOR4RER, BRIRGICARMET> 
Q. COFF 7 CLGKROWDLAL Cvv7eu» 
Wb, CHEAHNMNES DITABEMYERT EL 
W7ES. 


zs 3 

1. #HOARPF) 4 SOR 

MEEOTeANITILT PRT 7ANOW’DITCABRFIA 
FOES SS LI < PoMbHCW KR. Thrb 
“B, R. Willstatter (1913) i727 eR 7 YY VOR 
DEXICMEPIUIEARPFY LEVY 7 {ENO? 
FEDARPFIA ERREENTWSCLeEWMSAITL 
Tew, EOKBO Strain (1938) HE OMIT LST 
PHERITIIRAROL+Y b 747, Tirbb, ~F 
A YONFONE EMF AY SFY, CTY Vic 
UDFET SBROHSCLERWRLE. Ek, 
ARFY (TOW TL MITIE C-APFYE BWR 
FYREALSS), BC OMCL BARFY DB 
SEC, CHICPBO aAeFveE fotwsSs 
DS, @AARPFYRMMITFETSEOILENT, K 
72 Formosa tea plant OAB#EIC VC MGIC AE 
FE ELPM SNCS). LCARBFSHOREC 
RINKS - FZ Aee hp PFAOD RE (her E 
PoWELT, HD bDHELKARFYIX a-AR 
FYEMELER, COMMMSTIA e274 
TOHHD ARFYIE a-ABFVRED, BEB 
BEFYRHoTCHOKCVEG Mies eh a-av 
BF YDEILCHOELEXA SNS. Hal, RMAF 
KREMORBEMBLL A e371 TOMB 
aL P-ABFYODHS=LERUTWSE)A, 
EOD P-ARFVEMMCERMPoOKOUD E 
DizdbtiBbh, Leo tA F424 7ORILA 
PEYICMLCLENRAAFOHEWI CEMBT 
eae 

SY b 74 VIC CRRA VA OR 
FEO EMIT RE LicRlL eA 7 HY F VK, 
FBI Lich DIENF 4 VITTNENRBRRE 
L-KTSZOG, 224314 7OB8R4—Hiiwpe 
FIRIZE DO LZMOFYY H74XOSHSOLEMM 
OS ee 
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ALSED IX LIO 3GOA RFI 4 FOURAIZ, 
PAD ABRFA 4 FADREL THEA, WHC 
NICMAS SfKAizev». Monteverde & Lubi- 
menko OWE) CAA, MFHHWOHSOO, ek 
AVE Thuja virginica, Taxus baccata, Cupressus 
nattnockit7s kil A FEY FYRSENTWSS 
LERMUTWSA, DHEL RB ARS ew Pty 
FY CBRE R YO, A—-MLit#r bir 
V. Ke, Bor 5s IC RIMM eV arcve 
Fa-y~-APFVICWCWSAH, Chk Biro 
WSL, Hol, PSF MIC RV CHOP > CWS 
ADABFIA FES—-RKLAVM). COLIITS 
BIO RER CHES ORB 7k A Cd SDNLRE CK ie 
Pores, Wbossitrz Fu 34 TORMBERRICML 
ERB UCWSARCHS. COBMBELEAF 
DoS Ch SAQHMT STE RBCER 
L, ERM LUCRH LCI Ee, Aye — Fv 
BEION-A-P7ezhAFF7acsrzsuaq7y 
ShHz, 4 XA¥ (Glyptostrobus pensilis), x~ 
A+ (Taxodium distichum), «A414 Vr A 
(Sequoia sempervirens), «At vA A+ (Se- 
quotadendron gigantewm) 4 Oh D «SE Lic 
SED 62223417 LARC MARRERO 
VES ICAMEL THR. CHOOPBER, 22% 
24 7D%OELM—A2¥ 5 DIL AT RAT HH Ch S 
a, RE (FSSA TKSAN—WEEdbnS. 
—WCHME, COBRA OMHEOEEE 
LOWSERLEBZ SHES. 

2. APF) 4 FOB AIE 

— ARIZ HEITIL A PF Y BS < BEIT MVD 
L9), FRY 17 4 VEAL KROME Sc lz 
LEEW ICES SLO LBA SHC) WB > 
IO MBF ko CHD AR FY RS 
<, CDEAITILF YY b7 4 VERILY, WAZA 
PRLEFIF 4 —C2MICAMET SOLACE 
Bok, COBBARAT SICTONTARFYVE 
DDie< 7k Ses, WPT AICBAL< MYO, 8 Alc 
OLALAFIZ7 CLT ACHES. COD LIS 
YY RZ ANMEICEW ASCE, HRPFVITB<S 
WCRKBICH Li 2OF YY b7 4 VR, 
APHPVYFVIL8 Ale, MFA VIE9 Alt tHE 
HEEFoTWS. COLIICHE SRM TH 
THHErLU, APF FORRWRALELS 
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DERRODSCLECHS). Ele, MPOLArT 
LAP FY CLARMAMITRMD TSB, FV 
74 MHlLARFYVE OPS CAMO, HITED 
FEY FALSELY SPY CHS. 
PAB KROWRMILARPFYRBLOFYY 7H 
MOMS Lic 11 APHCADOSTC, FERMEIT HB 
WULF BAT 4 MOSSEL VED SBSENT 
TEARPFIA FARRIZO<K LIIHSEDLEBZL 
MCW, Pirg kA RATA TOMETCHLE 
FFOARPF/ 4 FICLSEROTCLE<S, MOL<T 
CXR OABRF? FICLSZEDCHSELMD 
Dots. SEICHBO— AIL SHE ORLA 6b VY 
RY 7 aHLVYE RHEL) RB, CHIUEZDLE EOS 
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Summary 


We have been investigating the autumnal red leaves of the conifers. 
Supposing that coniferous colored leaves contain the anthocyanins, we studied them by 


means of paper chromatography. However, we could not isolate any anthocyanins, but some 
anthocyanidins. This fact suggested that these anthocyanidins almost came from _ leuco- 
anthocyanins, and the coloration of autumnal red leaves might not be due to the presence 
of anthocyanin but of carotenoid. 

In this paper we have studied about carotenoids of Metasequoia’s leaves. Sampling of 
materials has been made every month from April to December. Determination of isolated 
carotenoids has been carried out by the column chromatography and the spectrophotometry. 
The results are summerized as follows: 

1. Green leaves of Metasequoia contain three carotenoids: a-carotene, violaxanthin and 
lutein. 

2. The maximum of carotenoid content was found between spring and summer as shown 
in Fig. 2. After that, carotenoid content decreased gradually, each content-curve having a 
characteristic concave curve at some period: a-carotene in July, violaxanthin in August and. 
lutein in September. When leaves fell all carotenoids showed minimum contents. 

3. In the autumnal red leaves of Metasequoia there were found three yellow carotenoids. 
and one pink carotenoid. The former three were a-carotene, violaxanthin and lutein. being 
the same as in green leaves. The latter pink carotenoid showed absorption maxima at 451 
my and 477 my in light petrolium. This pink carotenoid is a main pigment of red leaves of 
Metasequoia in autumn, and it bears a striking resemblance to the Pigment of other 


coniferous autumnal red leaves. We have not, however, been able to identify this carotenoid 
by this time. 
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Stimulation of Lysichiton Spadix Respiration. 
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BOY b4 CP HEM OER LOOTED bd > 
HL bAVYPYTAR, BBRRLEOMRE LOT 
= ETO THE, Ud < DA OR 23) RZ. 2K 
AY a7 OFFS GEBRHHEOPRE LOT OLE 
Se DILATICMH Lic4) DS, COPTER H OMEMIZ 
BBICL OMB Stiewokit Gr, ProT 
SO%&(EHERHS. Fb7R-AB(LERAP Ble 
kL OMBSHSELIEL<MbNHKEERCHS. + 
h4 eEHEw Arum, Symplocarpus DERE + = 
YEFUTIE, FRFR-ARBLOFb7R-ABIL 
REELS LDA DN TS 458) 28, 
7 OFERIZ bay FY TitoWCoaHENARD 
DIOS LDMEDDbSHNTS4). FEFR-A 
PR(ERESR & b OMRON Dy BIA Be VI eH 
ROPEIT OV CIs ile (Alternate pathway) i, 
Pec eae 34 Al (Excess oxidase) pi7r & AEH ST 
WS) A, CHHORCLPBICL S(LERRE 
BCS rev. BBIC KL SY RCERRILMA LRH 
COW CHERHBSHNCS) BR COBSUIBSE 
DERBDF RMGe bob LUCIO, FBAeHe 
LORS SOLPERSHCWS. 
Diliiulas = ANY = VACHS hav Pro 
ARE RAMRAIC TET Sie AL OPOBEM Ic 
ko CH? nr Cis , FRRIMLE OMe RK 


2 Asa 


*Laboratory of Domestic Science, Iwamizawa 
Branch, Hokkaido Gakugei University, Iwami- 
zawa, Japan. 4bwE ARRAS AAR RRA 
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SEIDOCHSCLERTHMAREGIOTG, 2 = 
DMR RORGRLE LE BICC CICMET S. 


MHEAE . 
AbYBR AA 1960 4 4~6 Bick LEX 
AY avy (Lysichiton camtschatcense Schott) 0 
{ERG bi bay PVT Le. MEMO A 
RPIUIC db Sh OD VME RIS & BIC L ORKO 
MEIR(RHEE RT) fod, COPMIODLOe FAL 
te. FEREILT ~S-CHEFF ih & PEE DAZ DCR YO BRL> 
7bOR HALT. TERR 100g. & 0.25 M. FERS, 
0.02 M. Beret iy (pH 7.0), 0.001 M. 7 » {EF b 
Yys, 1mg./l ml. PH7r 72 VORA 100: 
ml. 3s LOW RO BED & & LICIKG L7g2b FLAK 
CHERRE L, 2 72 -CiAI Lic. JAY ® 3,500 [aliig 5 F 
IO wD TBE OT, ABER, TESS, PERE S tie 
few Ts & BRA L re. EYER S biz 10,000 [Blic: 
1o} alae HEL CREO ZT baY FY Tae 
fie. et / VS Va, eae Bie oC 
YASNSCLERDOL. COUBEDERO ERE 
FRAY IT RAL, 10,000 [Alig 15 HH OI HE 
mit CHM LE bOR i baY PVT RmELT 
(EFA Lie. APR PEIL ST CRE FCAT ig oie. 
TARY 2 9 OFERULGEDAT OCH O.2 mm. 
DES (DLN, FERRER ET) OWFEL, 
PRY AYOBPEB IO ASOBI AY 2 CH 
lmm.xl0mm. OWE LC#ALE. 
RRS Ase & [A HLOT LE & Hie 90° -C 30 AAW 
BET OOSL, S5blC ki MBOKREIM, 90° 
C 30 AHIMA — CHAIR, JRYKe 3,000 [Alte 
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LOA HOD THE CH bi S LIBRE MRO 
Beh & Lie. PAHO RIL) O BEM S DIE 
RAV CO< 0, KEMATHLELMAOMBRIC 
LCE Lic. HEMOARE SIP SRewHlIz, KE 
YAME Rat SB SV HERBIS EF L 7k ds fe. 

UY IDO 27> 7 AREER Eis D pI LOS 
MDEL<Firotk. Pi bye BL, 10FsO 
KARE L SIC 10 OMI <ALL CH bY - eC 
FED LIES. COREL 3H OAT. COVE 
RIV ARE & PAPA BRE IC RAS PR IES SOR 
FERGEO EE ARIE EIT, £9 28.1 
0.1 M. RBM GK (PH 7.0) 6ml. xr, WGA 
FARELIAF-CHHEL Kb OeBAREML 
re: 

BRONEOWEICILI-V TV 7 RREEHE 
fo. FFRRMARO SWIC LABS HBA Vd 
WEA YORE AN, ERPORBRRES EI 
ARC. 


mBREER 
TARY aD bAY EY) TUHPRICRRET 
Ss. GRU MRE 2 ECT OBES ERT 
SB. REE CRD ATP S Mgt &MzChLH 
BisMDbohindsofe. Tablel.iti pay Fy7 
DARE Mic ts LIST ERO AH KOE RL 
72D, HSASICMPRINMA TBD SNS. FWRRMO 
PAS RR OLB Gc k PAE Ch SDs, HAH 
URI OMS ITIL HA IT (RHE Ch D, SESICAR 
TERA SNS. COMRILHHMwWHIC s bay 
Table 1. Effects of boiled extract of Lysi- 
chiton spadix and of cyanide on the oxygen 
uptake of mitochondria from the spadix. 
Reaction medium contained 0.04M. phos- 
phate buffer (pH 7.0) and 0.7ml. mitochond- 
rial suspension (dry weight 76.4 mg.). 0.001 
M. HCN and/or 0.5 ml. boiled extract were 


added as indicated. Final volume,*2.0 ml. 
Temperature 30°. Gas exchange measured 


for 40 min. 
l Inhibition (—) or 
(Oz uptake stimulation (+) 
‘Endogenous Me % 
Oxidation | 24.4 
4.HCN | 95.4 +4 
+Extract '* 14.9 —42 
| 
+Extract+HCN | 26.3 | pte 
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FY TF ORRPERE MUST SRADFET SCL, 
Lash HMM IMIT Eo TCC OMA OM RM HEAL 
BERNSZCLE RD. MMe AV THOOKR 
Db, RMD EAICLSLAS x bhi 
yy, 

Arum Oi hav ¥FYTIX TCA #4 7NOH 
PERE L <MRAIET S) EMBSNTWSAM, FAS 
YatD bay FIT AA7B SSwWisLyVvY 
SREP RERL UCEARBA, COUBSICOF 
MEIC BBV ESE URE LO Rb hirdsore. AhhHi 
Wiki xkAvayO i bayvKkVTOsay>7 BBE 
EMSAM Lev, WMMMIc k SABORR 
dBObohirv. ARPRL 2-7 BM be eit~ 
RBS, PBOBSROL CBr etwSrce 
ii, AR EMIcBASERHRAR AH 7B 
CLeEmRTS. 

RAAYaIVOT baAYEVT Os 7 BBL 
BHVOC, FOO 2> 5 MM re a ->7 BIE 
KREHML, COMETS I ANY sO 
HHKOBBic rvs CRALE (Table 2). Ahk 


Table 2. Effects of boiled extract of Lysi- 
chiton spadix and of cyanide on the activity 
of succinoxidase from beef heart. Reaction 
medium contained 0.04 M. phosphate buffer 
(pH 7.0), 0.05 M. potassium succinate, and 
0.3 ml. enzyme suspension. 0.001 M. HCN 
and/or boiled extract were added as indi- 
cated. Final volume, 2.0ml. Temperature 


30°. Gas exchange measured for one hour. 
| Succinate oxidation Inhibition 
Extract + HCN by by extract 
! ae extract plus HCN 
ml. O2 wl. | Og pl. % % 
0 | 144 0 100 
0.0002, 143 0 0 | 100 
0.002 131 0 10 100 
0.005 © 85 0 40 100 
0.01 | 71 0 50 | 100 
0.02 30 0 80 | 100 
0.30 16 1 90 100 
0.45 23 17 80 90 
0.60 | 22 16 90 90 
0.75 21 13 90 90 
1.20* 26 0 80 100 
2.40* 0 0 | 100 = 


*Concentrated extract used. 
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WMEMAS LICE DW SAMA MAABGH, La 
bt HMw OE Midd SREMAICHHY 
HELI. BEM Proteus vulgaris & HEH; 
PEL CH bh S AMIDA YEO 3 >> 7 REPL OWE 
Cd, FMA RIS s KAY 2 OHA eRMIc LO 
THR StH. 

Di 27> 7 RA EBRicbLigtrcoOLjnRyes 
BIAKRY a Y OFERO HMI AD & OD ¥ 4 
DeELOENSRBDIL, FNADKHL GY HOR avy 
DEROMMRWICOVY CMRORRE RAR. ETE 
Wik Table 3. ICRLELIICZAADKOMMRIc 
XY LClILMBE Ch), +hy Rt zavOHoOMMm 
ICAU CLM 50 SOMBES ZS. D¥lORNa 
BLOG bY R41 aAYOBRDb, PKAY a VOTE 
HOWE & RRR BIE CE oHHKA, Dia 
7 PBIR(LIRR AIT LIETUBE LEX. Table 
AMAbDNSL5I, FA5a2BLOY bh Ue av 
DOH, = ANY a VOTERMOMHROW 
BEUMLC, FORME Ab, MRE 
BOeBO LE. KEL ABMS +t OMMCHHBR 
Rb OHS LEMBERHMERL UChIT bh 
4. Sikbb, WBLOMAERIS & AAY a VTE 
FEO THHRRIC RA OBR CH oT, COMMiLIs 
4bB< FBLA DP OGEMEOS 05 SMT 
BAT SADLEZ SHS. 

bid HE RRO HHH ICls, nCn3aryZ 
PEM Le MIT SMABS ECS LIL Sd» 
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Table 3. Effect of cyanide on the oxygen 
uptake of sliced plant tissues. Reaction 
medium contained 0.04 M. phosphate buffer 
(pH 7.0) and sliced plant tissues (fresh 
weight 100mg.). 0.001 M. HCN was added 
as indicated. Final volume, 2.0ml. Tem- 
perature 30°. Gas exchange measured for 


one hour. 
: Endogenous |+ Inhibition (—) or 
Tissues oxidation | HCN| stimulation (+) 
Lysichiton Oz pl. (Ore. y 
spadix 107 157 +50 
Tobacco leaf 34 a0) as (Y) 
Beet leaf 51 26 | —50 


CHER, COLORARDMDMEMD 2 BT Sic 
DITHMMWE Ric Lic bODhOMRE LOX. 
Table 5. CA LUE 51, RAWHHKEOS Ole 
IK LEE OMPMPERRS bDbDLE. PRAY AIO 
PHAR CL RENE k SHE OWK PAL <, La» 
SEORAMLEBESES RMD S22. COZ 
(x, AMR IClk a> 7 ER LBRAE METS 
Gre, GRLERGLEW, HSROMEMR 
BSENCWHSOLE RUT! 

DLE OGRD 6, 2 AA 2 VER CIMMAOD 
SORA (BEO< ARM) Bi bavEFy7o 
PULAEL ML CU SA, FMRC L OSOM 
VEAL ORDNSER, FHIRORMERRUA bi. 
SOLHBESHS. COMMRES SG SFRO 


Table 4. Effects of boiled extracts of plant tissues and of cyanide on 


the activity of succinoxidase from beef heart. 


Reaction medium con- 


tained 0.04M. phosphate buffer (pH 7.0), 0.05M. potassium succinate, 
and 0.3ml. enzyme suspension. 0.001M. HCN and/or 0.6 ml. boiled 
extracts were added as indicated. Final volume, 2.0ml/. Temperature 


30°. Gas exchange measured for one hour. 
: Inhibition 
Addition ebevanye 
| by extract by extract plus HCN 
Oz pl. %o 7 
None 125 
+HCN 0 100 
+Lysichiton spadix extract 20 80 
+ ” +HC 14 90 
+Tobacco leaf extract nS 60 
ah ” +HCN 0 100 
+Beet leaf extract 56 60 
+ 7 +HCN 0 100 
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Table 5. Effects of ash from boiled extracts of plant tissues and of 
cyanide on the activity of succinoxidase from beef heart. Reaction 
medium contained 0.04 M. phosphate buffer (pH 7.0), 0.05 M. potassium 
succinate, and 0.3ml. enzyme suspension. 0.001 M. HCN and/or ash 
from 0.6ml. boiled plant extracts were added as indicated. Final 
volume, 2.0ml. Temperature 30°. Gas exchange measured for one 


hour. 
—— —z j ; Inhibition 
Addition Succinate | _ 
: Pdaniee by ash by ash plus HCN 
O, yl. Jo %o 
None 131 
+HCN 0 100 
+ Lysichiton spadix ash 90 30 
ign 0 HCN 0 100 
+Tobacco leaf ash 88 30 
+Beet leaf ash 76 40 
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HAs XO LWA, De Lharn7Mele BEANS. s hav FY 7Oa->7 MERI 
Tevyb LV. Meicag<, WBC Lo ChAMMRMITL o COM Gl 
Sh, WHORicHHt honky. Flt bid 

tsi = iY Lite 2-5 2 BRR LBESR A B TEREO Path WRIT I o- 


TAAY a VERDE Shi baYEITO CHAHSHNSA, COMME BIBSLvy< 
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ARE RIL CMR MAH MeRMIC LE OMNSn DET SAE AT. ChHOoORRD OILMOM 


4d, TCOMMLHFBe MMT Sr LCL OBML< RMicASNABBIREOMEZOW CER LE. 
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Summary 


The endogenous oxygen uptake of mitochondria from Lysichiton spadix was inhibited by 
boiled extract of the tissues and the inhibition was greatly removed by the addition of 
cyanide. Weak succinate oxidation of the mitochondria was inhibited by either cyanide or 
the boiled extract; both inhibitors scarcely competed with each other. This was also the 
case for succinoxidase from beef heart, excepting that a slight competition between these 
two inhibitors was observed. From these findings the mechanism of cyanide-stimulation of 
the spadix respiration was discussed. 
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Fruit Body Formation of Red Bread Mold Newrospora crassa IV. 
Effect of Ammonium and Nitrate Ion in the Medium 
on Size of the Perithecium 


by Taro ITo* 


Received September 3, 1961 


A study on the mechanism of the production of the perithecium in the fertiliza- 
tion stage of the sexual reproduction process, including protoperithecial formation, 
ascospore production and fruit body formation, should be generally completed after 
information upon their genetical and physiological natures has been obtained. In 
physiological study on the effect of concentration of KNO; on the formation of the 
female sexual organ and fruit body, Hirsch') has suggested that the existence of the 
nitrate ion had no direct relation to the fertilization and the fruit body development, 
but showed an effective influence on the differentiation of the female sexual organ. 
Further he showed that the exhaustion of the nitrate ion in the culture medium was 
not necessary for the formation of a female sexual organ, but for the formation of 
perithecia. 

In the sexual reproduction, the process of the formation of the fruit body follow- 
ing sexual organ formation seems to be one of morphogenesis. Therefore, in con- 
nection with the investigation on the morphogenesis of this fungus, an analysis of 
the external and internal factors which affect the reproductive growth phase, seems 
to be a subject of considerable importance. In previous papers?*), the author has 
shown that the perithecia were produced in the culture medium containing both am- 
monium and nitrate salts in a particular ratio, and that perithecia without ascospore 
were formed on the single strain mycelium in the culture filtrate which was obtained 
from the culture medium containing these two nitrogen salts at the beginning of the 
fertilization. These investigations involve the examination on the factors controlling 
the cell formation (heterogenous development), in association with the expression of 
sexuality in morphogenesis. For the further understanding of the fruit body forma- 
tion, it may be necessary to analyse the factors affecting perithecial enlargement 
(homogenous development). The present report deals mainly with the effects of con- 
centration ratio of nitrate to ammonium ion on the development of perithecial size. 


Materials and Methods 


The strains used in this experiment are designated as 4A and 8a. They are 
macroconidial wild type strains which form fruit bodies, after 10 to 14 days, on syn- 
thetic media containing inorganic salts, inorganic nitrogen, suitable organic carbon and 
the vitamin biotin. The minimum medium used for this experiment is the crossing 
medium designated by Westergaard and Mitchell*). The four kinds of minimal media 
were prepared for the test of perithecial formation. The medium used for the study 
on the effects of ammonium and nitrate ion in the culture mixture was the one sup- 
plemented with ammonium tartrate of 10 different concentrations from 0.5x10-3M. 
to 0.5x10-?M. and potassium nitrate (10-?M.). In the other culture series, KNOs 
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solutions were prepared at 10 different final concentrations from 10-*M. to 10-?M. 
with ammonium tartrate (10-2M.). The effect of a sole nitrogen source was similarly 
tested by the independent application of one of these nitrogen sources in the con- 
centration range from 10-?M. to2x10-M. The quantitative analysis for the residual 
ammonium- and nitrate-ion was carried out spectrophotometrically, and the hydrogen 
ion concentration in the liquid medium was also measured. 


Experimental Results 


In the first experiment, the influences of both nitrate and ammonium salts in the 
cross medium on protoperithecial and perithecial development were tested by measur- 
ing the diameter of perithecia formed on the slant medium in the test tube. The 
effect of CF on the formation of the protoperithecium and the perithecium was tested 
by the use of the crossing medium of Westergaard and Mitchell‘). -++CF was ob- 
tained from the liquid synthetic media, in which a single culture of A (+) type strain 
hyphae was made, and similarly —CF was prepared from the culture solution of a (—) 
type strain. Ten of both the protoperithecia and perithecia formed by 10 to 14 days 
incubation at 25° were picked up at random and their diameters were measured with 
the micrometer under microscope. The results are shown in Table 1-(]) & (I). 

As seen in Table 1-(I), remarkable stimulation of the growth of perithecia was 
observed when both the ions were supplied at the ratios of 10:10, 5:10, 3:10 and 0:10. 
The effect of +CF upon the growth of perithecia was striking at the ionic ratios of 
2:10 and 0:10, and that of —CF was at 10:10 and 7:10. Significant negative correla- 
tion was recognized between the concentration of ammonium ion and size of the 
perithecium. The correlation coefficient between the size of perithecia and the amount 
of ammonium or nitrate ion was higher in the ammonium minimum medium rather 
than in the nitrate minimum medium. It was also found that the perithecial growth 


Table 1-(I). Size of perithecia formed on the culture media supplemented with the 
various amount of both ammonium and nitrate. 


Conc. grade | 0 Ja | 2 3 : 5 6 qi loeegiT | co 10 


Conc. ratio 


ee 0:10 110 2:10 | 3:10) 4:10} 5:10] 6:10} 7:10] 8:10} 9:10) 10:10 


Range in [5g3— |  — 408.1~/466.6—'408..1 — 408.1 —|349 s—|349.8—|408.1—349.8—408.1— 
"size (x) a | | 699.6 (524.7 583 583 466.6 583 466.4 583. 

; ! ry) 
Average (641.3 | 489.6 (606.2 [478.0 512.8 442.6 (419.4 1478.0 |396.2 |500 


Size (uy) |#18.5 J=19° [£24 44.6 [4:8 |$19 46.5 [419 [419 |+28 


Cor. co. (1)¥:—0.8. Cor co. (2)*:—0.5. 


Conc. grade | alr 12 13 14 15 16 17 18 19 20 21 


Conc. ratio i” | ) 
INNO] 10:0 ae 10:2 | 10:3 | 10:4 | 10:5 | 10:6 | 10.7 | 10:8” 110.9 | 10:10 


Range in sis sibokn act 349 .8—/408.1—|408.1—|560.2—|349 
349. f .1—|560.2—/349.8 —|466.4—|408.1—|466.4— 
size (a) 699.6 583 641.3 594.6 [524.7 |699.6 |641.3 |583 
— a —— = — il 7 
Average | 489.6 (510.2 (501.2 |583.0 |47 | 
: : . ; : 8.0 (537.6 (501.2 (513.1 
size (x) (+30 |4+21  |421°°|+0 +21 (+25 |430 /+21 


Cor. co. (1)*:—0.01. Cor. co. (2)*:0 2. 
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Table 1-(II). Size of perithecia formed on the crossing medium supplemented with 
the CFs from the culture of either A (-+) or a (-) 

Conc.grade| 0 | 1.| 2 | 3 | 4 Gi nivnile dun Aslalean’ Hr tO 
a Range in |466.4—233.2— 466.4—256.4—466.4—|466.4— 408.1—466.4— 349.8—408.1—408.1- 
Q size (#) 641.3 524.7 699.6 583 699.6 699.6 641.3 699.6 583 583583 
’ J | | 

| | f ie . z a a ee 

Average 559.2 384.6 570.8 (489.6 537.6 536.0 537.6 489.6 489.6 489.6 (478.0 

size (u) [416.2 425.5 23.2 |£16.2 +25.5 |423.2 (423.2 423.2 £23.2 416 [423.2 
Cor. co. (1)*:—0.1. Cor. co, (2)*:0.04. 

Cone. grade, 11 | 124 13 | “| 15 Le ahtaeh Goa Weal 20) 22 : 
«Range in 174.9—'291.5—[233.2—233.2—-| — |174.9—/326.0—|349.8—[349.8—1233.2-|  — 
Q) size (u) 233.2 524.7 408.1 466.4 349.8 466.4 641.3 524.7 466.4 
1 } 

[Average 209.4 361.4 (302.8 [326.0 279.6 421.0 489.6 421.0 326.0 

size (u) [42.5 |4£25 |+5.8 |+23 +23 £23 (£30 [45.8 [428 
Core co. (ht: 01 Cor. co. (2)*502. 

Conc. grade 0 1 a a ae 5 | 6 7 Si 9 10 
4Range in 349.8— — 291.5—349.8— 349.8—349.8—[408. 1— 524.7— 291.5—349.8— 408.1— 
OC) size (vw) 583. 466.4 583 524.7 524.7 583 (757.9 583 524.7 583 

Average (454.2 333.0 [454.2 [442.6 [442.6 [501.2 |583 (419.4 (442.6 |499.6 

size (u) |£27.8 +20.8 425.5 416.2 |+16.2 |418.7 |418.7 |+30.3 |+16.2 418.7 
Corcce. sue 20.5: Corl co. (25016. 

Cone. grade 11 2 | 13 | 14 | 15 | 16 | 17 | 18 | 19. > Sh! 91 
= hogs in 291.5—233.2— 233.2—233.2— 233.2—|349.8—233,2—(233. 2—174.9— 291.5—233.2— 
O/ size (u) 524.7 583 349.8 66:4 583 524.7 466.4 466.4 466.4 349.8 583 
‘Average 419.4 361.4 201.5 326.0 (421.0 [442.6 373.0 373.0 337.6 304.4 361.4 
| size (w) [418 {+30 |+14 [426 [+31 417 434 [429 [435 [415 [4-30 

Gog. co. (1)F:0.05. Comicon \e-Oo1. 
Range in | 421.0— 
Without any site-()--12083 rid | 
CFs** Average 478.0 
size (4) +14 


he 


** The crossing medium without supplementation of the CFs. 


The correlation coefficient between size and ammonium (1) or nitrate (2). 


-decreased more strikingly with an increase in the amount of ammonium ion added 


than with that of nitrate ion. 


. The positive correlation between the amount of am- 


monium ion and the size of perithecia formed was revealed by the application of 


Or: 


In order to ascertain the difference of the effect of varied ionic ratios ((NH«*]: 


[NO;-]=10-3~9 x 10-3: 10-? or 10-*:10-°~9 x 10-*) between the two lots, the analysis of 
variance of the means was calculated. No highly significant difference was observed 


between the means of the two lots (P>0.05). 


The second experiment was carried out to see the effect of ammonium and nit- 
rate minimum medium on the growth of perithecia and also to confirm the influence 
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of the high concentration of the sole nitrogen source of either ammonium or nitrate. 
The concentration range of the synthetic media was made up between 10-? M. and. 
2x10-?M. The results are shown in Table 2. 


Table 2. Size of perithecia formed on the culture media supplemented with the sole 
nitrogen ion of either ammonium or nitrate. 


Conc. grade 0 1 2 3 4 5 6 7 8 9 10 
Conc. of 10-3 
(NHy)2CuHiOg 0 “0.5 ail «1.5 x2 x25 ee x3.5 x4 x4.5 sen 


Range in 466.4—|357 .0—|357 .0—/428.4—/428.4—|357 .0—|499. 4—|428.4—/428.4—|357.0—| — 
size (1) 583 571.2 |571.2 |571.2 |714 642.2 |856.8 [571.2 |714 571.2 


Average 542.0 |485.2 |485.2 |485.2 (613.8 /499.4 [571.2 /499.4 |571.2 (527.8 
size (1) +28  |423  |423 |4+29 .|430 [433 [439 | |421.3 |425 .. |29 


Cor. co. (1): 0.4. 


Conc. grade 11 12 13 14 15 16 | 17 18s lg 20 


(NE pCcELOs x5.5 | x6 | x65] x7 | «7.5 x8 | x8.5 x9 | x9.5} x10 


Range in 428.4—|285.6—|213.8—|285.6— — (|213.8-— — |213.8— _— '285.6— 
size (1) 571.2 |428.4 |428.4 |499.4 356.6 356.6 356.6 
Average 542.0 |828.2 (314.1 (|385.0 285.6 285 6 314 dy | 
size (uw) [+28 |£4.3 [+21 |+25.5 +18 +3 £3 
Cor. co. (1): —0.3. 
Conc. grade | 0 1 2 3 4 got ea vi 8 9 10 
Conc. of 10-3 
KNO; 0 7 x2 x3 x4 5D x6 Sai x8 x9 x10 
Range in — — |285.6— — |571.2—|357 .0—|214.2—/214.2—/357 .0— — —_— 
size (/) 856.8 714 642.2 |499.4 [571.2 (642.2 
Average 456.9 585.4 |499.4 |357.0 |385.0 |471.0 
size (1) +42 422.5 |424 {+20 7SSi ah34 


Cor. co. (2): 0.3. 


Conc. grade 11 12 13 14 15 | 16 | 17 | 18 19 20 
ee x11 | X12 Lotsa elt ee GL ler toe et at ee 
SG BE) > RB tae ee ba sa ais 
ee ee 


Cor. co. (2):—0.8. 


As seen in Table 2, the mean obtained in the first experiment was higher than 


that in the second experiment. A significant increase in size of the perithecium was 
observed at the three concentration grades 4,8 and 11. 
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In the third experiment the residual nitrogen ion in the ammonium minimum 
medium in culture of either A (+) or a (—) strain was quantitatively measured by 
the spectrophotometrical method to find out the effect of residual ammonium and 
nitrate ion in the CFs (Fig. 1). 


10-1 


-10-2 10 


MOL. CONC. 


: 
a eee 
! 


a eee 


MOL. CONC. 
7 


10-3 


10-4 : 2 oes Ls d zal 
“ho */10 */o */10 ‘fo “ho ho Sho »fv' ~Y/0 
ionic concentration. ratio 


Fig. 1. The residual amount of NH,+ and NO,- in the CF. The signs, 
and (_] , show the residual concentration of NH,+ and NO3-, and [7773 


the initial concentration of both ions. 


The residual amount of nitrate in the +CF decreased less than 10 per cent of 
the initial one at the concentration grades from 1 to 4 and from 8 to 10, while it 
increased at the grade 7. The residual amount of ammonium decreased at the grades 
from 1 to 5,7 and 9, while it increased at the grades 6,8 and 10. In the —CF the 
residual amount of nitrate decreased at the all concentration grades from 1 to 10 and 
that of ammonium increased at the concentration grades from 6to 10. Both the ions 
were exhausted when supplied at the lower concentration ratio of these ions. Moreover, 
dt has been reported that the pH change of the culture solution during the growing 
period of the mating type strain has some influence on an exhaustion of the nutri- 
ents®). Since it became clear that a specific ratio of ammonium to nitrate in the 
culture solution is necessary for the perithecial growth as shown in the previous ex- 
periment, the pH value of the culture filtrate was measured after 96, 144 and 216 
hrs. 

The pH value decreased to less than the initial one in 96 hrs. with an increase 
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Table 3. pH value at various culture durations on the media with the various amount 
of either ammonium or nitrate. Initial pH; 5.8-6.0. 


Cone. grade aH © 
CF ic cares 1 2 3 4 | Dale 7 hele ai 10 
lduration S| 
| 96 bra: | 6,0. | 4.2 \-4edede 4eQe fp 4s2e)— 42d Seb BB lO eerie 
+CF 144 4:9 | 4:7 | 4:9 | 49 | 456 | 465 | 407.9 47 (1) 47 Bea 
| 216 | 6.5 | 6.6 | 6.2) G.Bel| Bata ed.7 ded Baden 
96 6.0 | te | Re | £2 | aie | 42) se 34 oe ee 
—CF | 144 4.7 | 445 | 46 | 4.3-].4.3-|.4.3-44.541-4,5 11473 ee 
| 216 64 | 6.7 | 68 | 6.0 | 6.0 | 5.9 | 5.5 | 5.5 | 5.5 | 5.5 
: : a A } } | 
| 96 #0 |: 316-| 38-| $8 | 40.) 318-)3.4.|. 314 1) 3.3 See 
+CF| 144 51 |oay7z |e PMT. lows beals fet frat Wet 7 7 
| 216 } 36 | 3.8 | 3.7 | 3.4 | 3.6 | 3:4 | 3.8 | 46 |) 4.6 | 4.7 


of the amount of ammonium in either the +CF or —CF, and then returned gradual- 
ly to the initial value in 216 hrs. 


Discussion 


For understanding the significance of both ammonium and nitrate ions for the 
growth of the perithecia, the present work was designed chiefly to investigate two- 
main points, (1) the pattern of utilization of both NH,*+ and NOs~ ions in the media 
by these strains, and (2) the effect of the culture filtrate obtained from the media 
containing these ions, on the growth of perithecia. As shown in Table 1-(I), the ave- 
rage diameter of the perithecium in the medium with 10-?M. nitrate ion was larger 
than in that with 10-2 M. ammonium ion. Similarity between the two experimental 
lots was recognized below the probability 0.05. The ammonium ion as the sole nitro- 
gen source was more effective for the perithecial growth in concentrations below 
10-°M. than in those above 10-?M. (Table 2). On the other hand, the nitrate ion 
was effective evenly over these ranges of concentrations and the its efficacy was. 
almost equivalent to that of ammonium ion at the middle concentration grade. Con- 
sequently it may be stated that the ammonium ion may be utilized relaiively well 
for the perithecial growth in the lower concentration range; on the other hand, the 
nitrate ion may act effectively over a wide range of concentration, but with little 
effect upon the size of perithecia. The negative correlation coefficient of growth of the 
perithecium with the amount of ammonium ions was higher than that of nitrate ions. 
The growth rate of perithecia rose progressively with a decrease in the amount of 
ammonium ion to zero (Table 1). This fact suggested also that ammonium ions. 
acted in an inhibitory way, while nitrate ions acted productively. 

In order to clarify the mechanism of utilization of these ions for the growth of 
perithecia, the residual amount of these ions and the pH change of the culture media 
were measured. No correlation was recognized between the perithecial growth re- 
vealed at the concentration grades 0.2, 4.5 and 6 in +CF and at the concentration 
grades 7 and 10 in —CF, and the residual amounts of these ions at these concentra- 
tion grades. The significance of the ammonium minimum medium for the formation 
ee lay in the +CF and the —CF, as was shown in a previous paper’). 
ae oe ie a_i ion on the growth of perithecium seemed to lie in the 
alan Pa a fikits B 2 clay) OF the medium during the vegetative growth. 

e initial value after 144 hrs. followed by a 
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slight rise after 216 hrs. In study on the perithecial formation of Sordaria fimicola, 
Lilly and Barnett*), have stated that perithecia were formed only after the pH value 
of the medium had risen above 6 in a medium containing 25g. glucose and casein 
hydrolysate (equivalent to 20 g. casein), but this pH alone was not sufficient to insure 
sexual reproduction. Esser’) confirmed the increase of pH value of the medium at 
the time of the spore formation in Podospora anserina. Ryan et al.*) stated that 
the decrease of the pH value during the growth of mycelia was due to the remova 
of NH.+, while the pH value rose when only NO;- was used for growth. It is 
reasonable to assume that the decrease of pH value during the early growing stage 
observed in the author’s experiment (Table 3) may depend upon the exhaustion of 
NH,*; on the other hand its increase in the later growing stage may due to the 
utilization of NOs-. Therefore, it may be concluded that a small amount of NH,* is 
used during the early stage of growth, while NO;- is used during the later growing 


stage for the production of some substance which stimulates the perithecial forma- 
tion. 


Summary 


The present report deals with the effect of two nitrogen ions, ammonium and 
nitrate, on the perithecial growth in Neurospora crassa. 

The growth of perithecia is activated in media with both ammonium tartrate 
(0.5 x 10-* M.~0.5x 10-2 M.) and potassium nitrate (10-?M.) rather than in those with 
ammonium tartrate (0.5x10-2M.) or potassium nitrate (10-?M.~10-2M.). It is also 
made evident that the perithecial enlargement should be related to some stimulative 
substance produced by either A(+) or a(—) strain in the media of the special ionic 
concentration. Ammonium ions may be utilized in the relatively lower concentration 
range (<10-?M.) at the early growing stage, while nitrate ions may act effectively over 
a wide range of concentration at the later growing stage. 
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Physiological and Ecological Analyses of Shade Tolerance of Plants 
1. Growth of Green-grams under Varying Light Intensities* 
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Shade tolerance has long been treated mainly in the field of forestry, where the 
term tolerance itself refers to the ability of plant to survive under deep shade, be- 
cause of its particular importance for the silviculture purpose, and much practical 
information has been obtained on the tolerant and intolerant tree species'). Recently, 
further ecological or physiological approaches to this subject have been made by a 
number of workers?). Most of them discussed the shade tolerance on the basis of a 
comparison among plant species of certain characteristics, the minimal light for 
survival or the light compensation point of CO2-gas exchange. It is noticeable that 
Blackman and Wilson*‘) and others®*-’) have thrown much new light on this problem 
by analysing the effect of light intensities on plant growth, especially on two at- 
tributes, net assimilation rate (NAR) and leaf area ratio (LAR)*), and their discussions 
have been introduced by Kira, Shinozaki and Hozumi into a Japanese text book of 
ecology’) and well appreciated. 

The shade tolerance, however, could fundamentally be clarified with analytic- 
synthetic studies'®-'*) of the growth process or dry matter production of the plant 
under the given shaded conditions. Monsi'’), one of the authors, has presented five 
representative schemata of dry matter reproduction systems of plants and plant com- 
munities, and he tried to apply the schemata to an elucidation of difference in the 
shade tolerance between Pinus and Picea using old data of Stalfelt**). 

A series of experiments have been designed to clarify the physiological and 
ecological responses of plants to varying degrees of shade. Special attention has 
been focused on some factors or characteristics which are principal in dry matter pro- 
duction under shaded conditions. In the present paper, a part of the experimental 
results obtained in green-grams will be presented and some analyses will be made 
about the shade tolerance in the light of dry matter production of the plants. 


Material and Method 


Experiments with the potted young plants of green-gram (Phaseolus aureus Roxb 
=Ph. viridissimus Tenore) were performed in the summer of 1955. The experiments 
were restricted within the early stages of plant growth because of disadvantageous 
effects of pot culture on root growth and of mutual shading. In each of 180 of earthen 
pots of ca. 15cm. in diameter, 30 green-gram seeds selected were sown on August 6, 
1955, and the pots were divided into five groups; those of the one group were placed in 
a full natural daylight and those of the others each under four different intensities of 
shading. The shade treatment was produced by screening with wooden lattice of 
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which slits were properly adjusted, so that the relative light intensities under them were 
respectively to be 75, 50, 30 and 20% of full daylight. Each group of the pots were di- 
vided once again into two parts, the one was periodically supplied with a proper amount 
of Boysen Jensen’s culture solution (the N-series) and the other was given the same 
amount of water as the solution (the O-series). All pots were properly taken care of 
without suffering from drought. After establishment of seedlings, 15 plants per pot 
were left to make the sample plant equal in size. Further, on each sampling occasion, 
10 plants from two pots (5 plants from a pot on and after Aug. 22) were chosen at 
random in order to determine the leaves, roots and stems in fresh and dry weight 
(drying at 85°), and also the leaf area. At that time, subsamples of plants were sub- 
mitted to the measurements of photosynthetic and respiratory activities. 


Results and Discussion 


Growth in plant weight: The effects of varying shades on the growth of green- 
gram plants are set out in Fig. la and b, which represent the results for the N- and 
4Q)-series, respectively. 

Green-gram seeds used in this experiment were of 42.7 mg. in mean dry weight, 
including seed-coat of 4.2mg. After emergence, the cotyledons reduced their dry 
weight gradually to 1.8mg. by August 12 when most of them shed, though they are 
omitted in Fig. 1. 

Depressing effect of shade on plant growth in dry weight was evident from Fig: 
la and b. In the deep shade (20 and 30%), the depression of growth by shading was 
very marked, while the growth of the lightly shaded plants (75%) followed closely the 
growth in full light. In the N-series, for example, plant dry weight on September 14 


ig a mg, 


Dry weight of individual plant 


20 


Aug. Sept. Aug. Sept. 
Fig. 1. Growth curves in dry weight of green-gram plant under 100, 75, 50, 30 and 207 
daylight. Plants of the N-series (a) were supplied with nutrient solution periodically, while 
those of the O-series (b) only with water. 
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(40 days after the sowing) was averaged 384mg. in full light, 350mg. in 75% light, 
258mg. in 50% light, 185mg. in 30% light, and 124mg. in 20% light, i.e. in relative 
values 100:93:67:48:32. 

It is interesting that significant effect of nutrient supply was observed only in 
full light and in light shades. In full daylight, growth in dry weight increased by 
about 10% by the application of nutrient solution. While for the heavily shaded 
plants (20%), the nutrient supply gave no significant effect on the plant growth, with 
the result that the growth in plant weight of the O-series showed a similar trend 
to that of the N-series. 

Growth in leaf weight and in leaf area: In the view of the role in the dry 
matter production, plant organs can be divided into two main components, photo- 
synthetic system (F), and non-photosynthetic system (C)}*”). 

In Fig. 2 are presented the growth curves in leaf weight of green-gram plant 
grown under varying intensities of shading. It appears from this figure that the de- 
pression of leaf weight growth by shading was marked particularly in densely shaded 
plots (30 and 20% light). This trend, which was similar to that of total plant weight 
growth, was clearly seen both in the N- and O-series, especially in the later stages. 
of the experiments. 

Favourable effect by nutrition supply was observed in higher illumination plots. 
Under 100, 75 and 50% light, leaf weight growth of the N-series, at 6 weeks after 
the sowing was about 20% higher than that of the O-series but slight difference was. 
seen between the N- and O-series under 30 and 20% daylight. 

Since the photosynthetic system (F) generally performs its function as leaf area 


(F) in photosynthesis as well as in acceptance of light, it is quite necessary in an- 


alysis of the shade tolerance of plants to consider growth in leaf area with reference to. 
varying light intensities. 
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Fig. 2. Mean leaf dry weight of green- 
gram plant of the N-series (thick line) and 
O-series (thin line) under varying light in- 
tensities. Numerals at the curves indicate 
number of weeks after the sowing. 


Fig. 3. Mean leaf area of green-gram 
plant of the N-series (thick line) and O- 
series (thin line) under varying light in- 
tensities. 
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The effect of shading on the leaf area growth is shown in Fig. 3, where total 
leaf area of green-gram is plotted against light intensity, at different stages of 
growth. Under moderate degrees of shading, total leaf area of a plant was larger 
than in full light, in contrast to the growth in leaf dry weight: optimal leaf area 
growth was observed, over the whole growing period under 50% light rather than in 
full light (in the N-series). Heavy shading (30 and 20% light), however, caused 
remarkable depression of growth in leaf area. This depression is probably due to- 
the deficiency of leaf-forming material by reduced dry matter production under heavy 
shade. Relations similar to those in the N-series were also found between leaf area 
and illumination level among the plants of the O-series, though in this series the 
optimal leaf-area growth was observed under somewhat lower light intensities than 
those in the N-series. 

In full light and light shade the effect of nutrition supply was clearly seen on 
leaf area growth as well as on leaf weight growth. While, under heavy shade of 20% 
light, the application of nutrient solution brought about no effect on the leaf growth. 

Relative growth rate: Inspection of Fig. 1 indicates that the growth rate of plant 
weight in early stage (August 13-20) decreased progressively as shading increased. 
With the advance of the development, however, difference in growth rate caused by 
varying light intensity became smaller. In later stages, the highest growth rate was. 
observed in light shade (75% light) rather than in full light. 

The relative growth rates (RGR, mg./mg./week) of green-gram plants for the 
period August 13 to September 10 are shown in Table 1. The RGR of green-gram 
plants in the N-series calculated for the week commencing on August 13 was 0.994, 
0.861, 0.784, 0.707 and 0.490 mg./mg./week for 100, 75, 50, 30 and 20% light, respec- 
tively. Thus, the RGR under 20% light was only a half of the rate observed under 
full light. 


Table 1. Variation with time of relative growth rate (RGR, mg./mg./w.) of 
green-gram plants under varying light intensities. 


Relative light intensity Aug. 13-20 Aug. 20-27 Aug. 27-Sep. 3 Sep. 3-10 
100% | 0.994 0.397 0.262 0.266 
Q 75 0.861 0.461 0.332 0.266 
5 50 0.784 0.433 0.317 0.248 
i 30 0.707 0.508 0.295 0.216 
20 0.490 0.343 0.280 0.238 
100% 0.773 0.368 0.268 0.243 
2 | 75 0.759 0.369 0.269 0.256 
‘) 50 0.765 0.390 0.262 0.241 
a 30. 0.568 0.405 0.320 0.261 
20 0.452 0.342 0.301 0.269 


While the RGR for the period August 27 to September 3 was a little high in light 
shade (75 and 50% light) and in 30% light compared with that in full light (Fig. 4). 

Net assimilation rate and leaf area ratio: As mentioned above, the relative- 
growth rate was expressed by Blackman and Wilson**) as the product of net assimila- 
tion rate (NAR) and leaf area ratio (LAR). 

The NARs (mg./cm?./week) of green-gram plants calculated for a period of 4 
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‘weeks from August 13 to September 10 are shown in Table 2. 
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RGR NAR LAR 

mg./mg./w mg./cm.?/w cm.?/mg. 

1:2; 6 0.3 

1.0 5 

0.8 4 0.2 

0.6 J 3 | 

0.4 2 0.1 

0.2 1 


Z20=t3 OF te 5075-100 20 30 50 75 100 20,30 50.27 S100 
% of daylight % of daylight % of daylight 
Fig. 4. Relationship of relative growth rate (RGR), net assimilation rate (NAR) 
and Jeaf area ratio (LAR) to light intensity. Open circles: in early stage (Aug. 
13-20). Closed circles: in late stage (Aug. 27-Sep. 3). 
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It is apparent that the 


NAR generally increased with increasing light intensity and that there was slight dif- 


ference in NAR between the N- and the O-series. 


The high NAR must be a positive 


factor in the dry matter production of the plants that grow under high levels of 
illumination. 


Table 2. Variation with time of net assimilation rate (NAR, mg./cm.?/w.) 
of green-gram plants under varying light intensities. 


Relative light intensity Aug. 13-20 Aug. 20-27 Aug. 27-Sep. 3 Sep. 3-10 
100% 6.17 3.08 Divide 2.d2 
g uD) 4.38 2.93 2.37 2.05 
3 50 3.52 2.30 1.82 1.52 
7, 30 2.88 26a 1.39 1.06 
20 2.09 1.41 IZ 0.99 
100% 5.44 2.95 2.20 2.06 
g 75 4.42 2.50 1.86 1.80 
3 50 3.99 2.34 1.59 1.48 
fo) 30 2.60 1.85 1.49 Lene 
20 2.04 1.41 1.23 A Dy" 


The NAR in the N-series during August 13-20 was 6.17 mg./cm.?/week for full 


light, and only 2.09 mg./cm.?/week for 20% light. Thus the shading could markedly 
‘depress the NAR. The high RGR under full light observed in the early stage was 
-due mainly to the NAR that was high enough to cause rapid growth in plant weight. 
As the plants grew, however, NAR was reduced progressively in all the plots, and 
the difference in NAR among the plots differently treated became smaller (Fig. 4). 


Et ins extent of the decrease in NAR was naturally large in the high illumination 
plots. 


The leaf area ratio (LAR), the ratio of total leaf area (F) to total plant dry 


‘weight (W), of the green-gram plant is shown in Table 3. The LAR values tended 
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Table 3. Variation with time of leaf area ratio (LAR, cm.?/mg.) of 
green-gram plants under varying light intensities. 


Relative light intensity Aug. 13-20 Aug. 20-27 Aug. 27-Sep. 3 Sep. 3-10 
100% 0.161 0.129 0.121 0.114 
8 75 0.196 0.157 0.140 0.129 
5 | 50 0.223 0.189 0.174 0.163 
z 30 0.246 0.224 (0) PAW 0.203 
20 0.233 0.243 0.251 0.240 
100% 0.142 0.124 0.122 0.118 
Y 75 ORL72, 0.148 0.145 0.142 
3 | 50 0.192 0.167 0.164 0.163 
ro) 30 0.219 0.219 0.215 0.206 
20 0.221 0.243 0.245 0.230 


to be small with increasing light intensity. For the period after August 20, under 
full light the LARs were only about a half of the values in deep shade of 20% light. 
This factor will bring about a positive effect on the dry matter production of the 
plants growing under shade. The same trend was observed in the O-series as well 
as in the N-series. 

As plants grew, a slight decline in the LAR was seen in full light, but the- 
extent of the decline was markedly small compared with the case of the NAR. As. 
the results, the relation between the LAR and the light intensities could be held 
almost constant over all of the experimental periods. 

As stated above, the relation between the RGR and shading can be analysed by 
the relation of light to the NAR and to the LAR. In the early stage (August 13-20), 
the relation of the NAR to light was more important for the RGR. The NAR was. 
very high in full light compared with that under heavy shade, with the result that 
the RGR was the highest for 100% light and the lowest for 20% light. 

In later stages, however, the difference in the NAR among the plots with dif- 
ferent shading treatments tended to be small and the relation between the LAR and 
the light intensity became important for the RGR. Thus, the highest RGR value was.. 
observed in light shade (75 and 50% light) rather than in full daylight. 

The NAR is a complicated factor, as shown by Iwaki!*), which can be further 
analysed into the components, such as light intensity received by plant, photosynthetic 
ability of each leaf, respiration intensity of each organ, and C/F ratio, etc. Effects.. 
of shading on the photosynthetic ability and the respiration intensity or on the C/F™ 
ratio of the growing plant will be discussed in the succeeding paper. 

The ratio of leaf area to leaf weight: It is evident from Fig. 4 and Table 3 that 
the LAR became higher as shading increased. But this indicates by no means a fact 
that the proportion of leaf dry weight to total plant dry weight was large under shade 
compared with that under full light. 

As the LAR (F/W, cm.?/mg.) can be expressed by the product of the leaf weight/" 
total plant weight ratio (F/W, mg./mg.) and the leaf area/leaf weight ratio (F/F, 
cm.?/mg.), it is necessary to know the responses of the two ratios to varying levels. 


of shading. 
Table 4 shows the leaf weight/total plant weight ratio (F/W). It is apparent that = 
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Table 4. Effect of light intensity on the leaf weight/total plant weight 
(F/W, mg./mg.) ratio of green-gram plants. 
i és wah £2 Relative light intensity 
Daigo? | eoapies 100% 75% 50% 30% 20% 
“Auew | N 0.472 0.413 0.388 0.368 0.359 
O 0.483 0.413 0.441 0.386 0.357 
a Auge 26 ; N | 0.470 0.425 0.422 0.382 0.364 
SEO nF oraes 0.413 0.407 0.351 0.369 
Sep. 8 N 0.513 - 0.439 0.472 0.439 0.399 
O 0.455 0.505 0.441 0.430 0.388 
Table 5. Effect of light intensity on the leaf area/leaf dry weight 
(F/F, cm.2/mg.) ratio of green-gram plants. 
P Relative light intensity 
ee pot 100% 75% y, 3026 202% 
Aug. 17 N 0.307 0.459 0.500 0.667 0.695 
O | 0.264 0.354 0.418 0.550 0.582 
Sep. 8 N 0.242 0.286 0.365 0.452 0.578 
O | 0.240 0.324 0,340 0.465 0.633 


the proportion of leaf weight was reduced by shading, though the difference in the 
F/W ratio was rather small, thus, in other words, the proportion of non-photosynthetic 
‘organs (C) to the total plant weight increased with shading. For example, on August 
17, the F/W ratio of the N-series was 0.472 in full light and 0.359 under 20% light. 

A comparison of the F/W ratio between the N- and the O-series shows that the 
effect of nutrient supply was not significant at each of the five illumination levels and 
at different stages of the experiment (August 17, 26 and September 8). 

A marked effect of shading was. also observed on the leaf area/leaf weight ratio 


F/W F/F F/W=LAR 

mg./mg. cm.2/mg. cm.2/mg. 
0.7 
0.6 0.3 

0.5 0.5 

0.4 0.4 0.2 

0.3 0.3 

0.2 0.2 0.1 

0.1 0.1 

20 30 50 75 100 20 30 50 75 100 20 30 50 75 100 


% of daylight % of daylight % of daylight 


Fig. 5. Relationship of leaf weight/total plant weight (F/W) ratio, leaf area/ 


leaf weight (F/F) ratio and leaf area ratio (F/W) to light intensity. All the 
values were calculated from the data measured on August 17. 
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(F/F), which is the reciprocal of the leaf dry matter index presented by Totsuka and 


Monsi*), The F/F ratio of green-gram plants decreased with increasing illumination: 
the values of the N-series on August 17 being 0.307, 0.459, 0.500, 0.667 and 0.695 
cm.?/mg. for 100, 75, 50, 30 and 20% light, respectively. Thus, the expansion of 
leaf area under deep shade (20% light) was, at the same expense of dry matter, 
more than twice as large as that under full light. 


Furthermore, the F/F ratio was not affected by nutrition level, as shown in Table 
‘D, where the ratio of the N-series to compared with that of the O-series at dif- 
ferent levels of shading. 

Although the F/W ratio tended to be large with increasing illumination, the 
extent of the variation by shading was rather small for green-gram plants, while, the 


F/F ratio, in contrast to the F/W ratio, increased markedly by shading. The positive 


effect of shading on the F/F ratio was much greater than the depressing effect on the 
F/W ratio, with the result that the LAR, which is expressed by the product of the 


F/W ratio and the F/F ratio, became larger as shading increased (Fig. 5). This may 
‘bring about an advantageous effect on the dry matter production under shade. 


‘Thus, the high value of the F/F ratio is one of the important factors for plants to 
‘survive or to make positive dry matter production under deep shade. The ability of 


plants to make the ratio of F/F high under shade plays no doubt a positive role in 
‘the shade tolerance. 


Summary 


In order to analyse the shade tolerance of plants on the basis of dry matter pro- 
-duction, the growth of green-gram plants was examined under varying light intensity 
(full daylight, 75, 50, 30 and 20% light) in the early stages of growth, and their re- 
sponses to shading were determined. 

1. The growth of total plant weight was depressed very markedly by heavy 
shading (30 and 20%), while the growth in 75% light followed closely that in full 
light. 

2. The leaf growth decreased in dry weight with increasing shading, but it 
-showed in area an optimum in 50% light rather than in full light. Heavy shading 
caused remarkable depression of leaf growth not only in weight but also in area. 

3. The relative growth rate (RGR) increased with increasing light intensity in 
the early stage of the experiment (August 14-20), while in the late stage (August 27- 
September 3) the RGR was a little higher in 75, 50 and 30% light than in full light. 

4. The net assimilation rate (NAR) generally decreased with increasing degree 
of shading. As the plants grew, the NAR was reduced progressively in all the plots 
with diminished plot differences. 

5. The leaf area ratio (LAR) tended to be small with increasing light intensity. 
The ratio of leaf weight to total plant weight (F/W) was decreased a little by shad- 
ing, while the ratio of leaf area to leaf weight (F/F) increased markedly, especially 
in the deep shade. Thus the LAR, which was expressed by the product of F/W 


and F/F, became larger as shading increased. 
6. Positive effect of nutrient supply was observed, only in full light and in light 
shade, on the growth in plant weight, leaf weight and leaf area. On the F/W and 


F/F ratio, however, there was no significant effect of nutrient supply. 
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Chromosome Numbers of Some Japanese Ferns _ (II) 


by Siro KuritTa* 


Received May 26, 1961 


Since I. Manton?) published a monumental work ‘‘Problems of cytology and evolu- 
tion in the Pteridophyta’’ in 1950, studies in this field have made a rapid progress. 
In Japanese ferns, however, the chromosome numbers have been determined only in 
a few species. After the author’s previous reporting in 1960°), he has studied the 
chromosome numbers in ten more species of Japanese ferns. The results are reported 
in this paper. 


Materials and Methods 


Very young fertile fronds were collected in the field or in the garden, fixed ina 
mixture of three parts of absolute alcohol to one part of glacial acetic acid for about 
24 hours, and squashed in the aceto-carmine after Manton!). All text figures in this 
paper are inked and bleached photographs. The localities where the plants have been 
collected are mentioned under each species named. 


Results and Discussion 


1. Ctenitis maximowicziana (Miq.) Ching: Plants from Mt. Ogasa (Shizuoka 
Pref.) and from Mt. Amagi (Fuji-Hakone-Izu National Park, Shizuoka Pref.) were 
examined. Forty-one bivalents were observed in meiosis of a spore mother cell (Figs. 
l and a). As the figures show, the size of a bivalent of this species is compara- 
tively small. In a young sporangium there are 16 spore mother cells which give 
rise to 64 mature spores. Therefore this species is a normally reproductive diploid. 
Previous studies on the genus Cfenitis were made by Manton?) and by Loyal*®). They 
also found the gametic chromosome number of 41 and the former author concluded 
that the number 41 is the basic chromosome number of the genus Ctenitis. 

2. Dryopteris tokyoensis (Makino) C. Chr.: Plants used were obtained from 
Mt. Bandai (Asahi-Bandai National Park, Fukushima Pref.) in November, 1958 and 
planted in the garden. Cytological studies were made in the following summer. 
Forty-one bivalents were observed in meiosis of a spore mother cell as shown in 
Fig. 2 andd. Inthe summer of 1960, fixed fertile fronds of this species from Gotem- 
ba (Shizuoka Pref.) were given by Assist. Prof. Y. Shimura of Shizuoka University. 
These also were found to have 41 bivalents. In both specimens, there were 16 
spore mother cells in a sporangium and each of the sporangia put out 64 mature 
spores. The gametic chromosome number of 41 is well known as:the basic chromo- 
some number of the genus Dryopteris'?+>®), so this species is a normally reproduc- 
tive diploid. 

3. Dryopteris polylepis (Fr. et Sav.) C. Chr.: Plants were collected at Mt. Asahi 
(Shizuoka Pref.) and at Mt. Buko (Saitama Pref.). Forty-one bivalents were observed 
clearly in a spore mother cell as shown in Figs. 3 and e. The number of spore 
mother cells was found to be 16 and that of mature spores 64. So this species is alsoa 


* Tkeshinden High School, Hamaoka, Shizuoka Prefecture, Japan. 
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Fig. 9: Matteuccia orientalis, n=AO0. 
Fig. 10: Woodsia polystichoides, n=4l. 


norma! diploid. 

4. Dryopteris erythrosora (Eaton) O. Kuntze: D. erythrosora is one of the most 
common and a very plastic species. Plants from Kikugawa and Hamaoka (Shizuoka 
Pref.) were studied. The meiotic metaphase of a spore mother cell is shown in Figs. 
‘5 and g. These show 123 bivalents. The number of spore mother cells and of mature 
spores was counted and it became clear that this species has 8 spore mother cells 
which give rise to 32 spores. These results suggest that the reproduction of this 
species is apogamous'). The sporophytic chromosome number of this species was 
also counted to be approximately 123 in the root-tip cells. Therefore, so far as the 
materials examined at the present investigation are concerned, it is sure that this 
species is an apogamous one. 

5. Dryopteris fuscipes C. Chr.: D. fuscipes is very closely related to D. ery- 
throsora but it is distinguished from D. erythrosora by its rotundate: pinnae. Plants 
from Hamaoka and Mt. Ogasa (Shizuoka Pref.) were studied. Several spore mother 
cells showing meiotic metaphase were observed and 123 bivalents were clearly counted 
as shown in Figs. 6 and i. There are 8 spore mother cells which give rise to 32 
‘mature spores in a sporangium. Therefore the reproduction of this species may be 
-apogamous. 

6. Dryopteris chinensis (Back.) Koidz.: Plants used were collected at Kikugawa 
-and Hamaoka (Shizuoka Pref.). In spore mother cells, 123 bivalents were observed 
_at meiotic metaphase and at diakinesis. One of such spore mother cells is shown in 
Figs. 4 and h. Eight spore mother cells and 32 mature spores were observed, too. 
So this species may be apogamous. 

7. Lastrea subochthodes (Ching) Tag.: Plants from Fall Shiraito (Shizuoka 
Pref.) were examined. As shown in Figs. 7and c. thirty-six bivalents were observed 
-in a spore mother cell. This species yields 16 spore mother cells which give rise to 64 
‘mature spores, so the reproduction of this species may be normal. 

8. Lastrea oligophlebia (Baker) Copel. var. subtripinnata (Tag.) Ohwi: Plants 
used were collected at Kikugawa (Shizuoka Pref.). A probable 62 bivalents were ob- 
-served as shown in Figs. 8 and j. All spore mother cells which were studied showed 
a single large nucleolus and some bivalents (3-5) adhering to the nucleolus. ‘The re- 
production of this species may also be normal. 
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9. Matteuccia orientalis (Hook.) Trev.: Plants from Kikugawa (Shizuoka Pref.) 
were studied. A large number of preparations at meiosis were obtained. In all the: 
preparations, 40 bivalents were apparent as shown in Figs. 9 and f. The same 
gametic chromosome number was reported by Okuno’). The reproduction of this. 
species may be normal, because 16 spore mother cells give rise to 64 mature spores. 

10. Woodsia polystichoides Eaton: Manton‘) and Britton‘) examined W. ilvensis- 
(L.) R. Br. and they observed approximately 41 chromosomes at meiotic metaphase. 
Moreover, Manton’) reported that W. alpina has the gametic chromosome number of 
ca. 82. While, the author investigated W. polystichoides which was collected at Ohma_ 
(Shizuoka Pref.) and at the shores of Lake Kawaguchi (Yamanashi Pref.) and he found 
that this species has the gametic chromosome number of 41 as shown in Figs. 10° 
and b. Hence, in the author’s opinion, the number 41 may be the basic chromosome: 
number of the genus Woodsia. The reproduction of W. polystichoides may also be: 
normal, because 16 spore mother cells give rise to 64 mature spores. 


Summary 


Ten species of the Japanese ferns were examined to determine the chromosome: 
number. The results are summarized in Table I. 


Table I. Chromosome numbers of ten species of the Japanese ferns. 


Name of species* Ness ghia olin Number of spores 

Ctenitis maximowicziana (Miq.) Ching 41 64 
Dryopteris tokyoensis (Makino) C. Chr. 41 64 
D. polylepis (Fr. et Sav.) C. Chr. 41 64 
D. erythrosora (Eaton) O. Kuntze 123 32 
D. fuscipes C. Chr. 123 32 
D. chinensis (Baker) Koidz. 123 32 
Lastrea subochthodes (Ching) Tagawa 36 64 
L. oligophlebia (Baker) Copel. var. subtripinnata 

(Tag.) Ohwi 61-62 64 
Matteucsia orientalis (Hook.) Trev. 40 64 
Woodsia polystichoides Eaton 41 64 


* After the taxonomic nomenclature of Ohwi®). 


The author wishes to express his deep gratitude to Prof. H. Ito of Tokyo Uni- 
versity of Education for identification of the materials and to Assist. Prof. R. Ueda 
for his helpful guidance and suggestions. He is also grateful to Assist. Prof. Y. Shi-- 
mura of Shizuoka University for providing the materials for the present study. 
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Further Studies on the Double-leaf Formation in 
Sesamum indicum L. 


by Jun HANAWA* 
Received June 9, 1961 


It is known that double-leaves sometimes appear in some plants when the phy]l- 
lotaxis changes from one system to another, for example, from the whorled system 
to the alternate one or from the decussate system to the alternate one (Fujita, 
1949')). Double-leaves were also induced experimentally in the course of study on 
phyllotaxis by Snow and Snow?-*). The present author obtained some double-leaves 
in Sesamum indicum L. by splitting the shoot apex of the dormant embryo®). Causes 
and processes of the double-leaf formation may not be always the same in those dif- 
ferent cases. But it may be said that the double-leaf formation takes place com- 
monly as a result of certain disturbances in morphogenetic functions of the shoot 
apex. In the present paper an analysis of the double-leaf formation in the incised 
apex will be made from such a viewpoint. 

It was previously found in Sesamum indicum’) that few double-leaves were formed 
when the splitting of the shoot apex was made 24 hours after sowing, while they 
were often formed by the operation on the dormant shoot apex. In the former case, 
normal opposite leaves were formed instead of double-leaves. Therefore the double- 
leaf formation in this plant seems to be a characteristic morphogenesis of the shoot 
apex of a dormant embryo, resulting from its certain characteristic response to the 
operation. It seems therefore that the response of the 24-hour shoot apex to the 
operation may be different from that of the dormant apex, and the operation is no 
longer effective for the double-leaf formation on the 24-hour apex. This should be 
due to the difference of the stages of growth of the shoot apex. It is necessary to 
determine, first, at what stage of growth of the shoot apex within 24 hours after sow- 
ing the responsibility to the operation is lost, and secondly, how the response of the 
dormant shoot apex to the operation differs from that of the 24-hour shoot apex. It 
is appropriate in practice to put the latter question in another way, as follows: what 
difference can be seen between the regeneration processes of those shoots? 

The present study deals with the two questions mentioned above. Informations 
about those points may make it possible to present further explanation than that given 
in a previous paper®) on the cause and process of the double-leaf formation. 


Material and Methods 


The shoot apex of the embryo of Sesamum indicum L. was split longitudinally 
into halves, with a microscalpel made of a piece of thin razor blade, in a plane 
running through the two opposite first leaf primordia. The operation was made at 
intervals of 3 hours during 24 hours after the seeds were soaked in water. Embryos 
and seedlings were allowed to grow at 28-30° under uninterrupted illumination at 
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6,000 lux with fluorescent lamps. The observation was done about the external mor- 
phology of the first leaves 10 to 11 days after the operation, and their various forms 
were recorded. On the other hand, histological preparations of the shoot apex were 
made at various stages during 24 hours after sowing in order to check developmental 
changes in it. And one more set of histological preparations was made with the 
regenerating apices after the operation. Materials were fixed with formalin-acetic acid- 
alcohol, sectioned at 8 microns in thickness, and stained with Delafield’s hematoxylin. 


Results 


1. Relationship between the operation stages and the rate of double-leaf formation. 


After the operation, the halved apical meristems regenerated new shoots, and 
twin-seedlings were formed. The first leaf developing on each shoot took various 
forms, as shown in Fig. 1. The occurrence rate of each of the forms differed with 
operation stages. Although there were, as will be described later, found all the 
intermediate forms, they were classified into three types for convenience of record- 
ing. Those are the opposite-leaf, double-leaf and single-leaf types. The opposite-leaf 
type includes not only normal opposite leaves, but also leaves that approached to each 
other but remained separate (Figs. 1A and B). The double-leaf type includes the 
leaves in which two leaves are fused to various extent but two laminae are dis- 
cernible (Figs. 1C-F). The single-leaf type includes the leaves in which the lamina 
looks quite single (Fig. 1G). These types are symbolized as Op-, D- and S-type, 
respectively. 


Fig. 1. Various forms of the first leaves that developed after the operation of the shoot 
apex of embryo. A shows a twin-plant, and B-G one of two shoots of a twin-plant. Cot: 
cotyledon. II: the second leaf. A, ca.X3. B-G, ca. X1.5. 
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The three leaf types occurred in various combinations on two shoots of the twin- 
seedling. Kinds of the combination are shown in the left column of Table 1. The 
combination D-D signifies that two shoots of the twin-plant both bear a double-leaf; 
D-S means that one shoot of the twins bears a double-leaf and the other a single-leaf, 
etc. The symbol Nu in the table stands for null and signifies that no leaf was formed, 
that is, shoot regeneration did not occur. In this way, the occurrence numbers of 
type combinations at each operation stage are given in Table 1. 


Table 1. Occurrence number of type combinations on twin-plant in relation to the 
operation stages. D: double-leaf type. S: single-leaf type. 
Op: opposite-leaf type. Nu: no leaf. 


Combinations of leaf Operation stages 


BO oe ee arene) Ao Une iciided eioisbacteatk kc call ole iso-c. ane 
D—D 1 2 8 4 7 1 0 0 
D-—Ss 13 Bas [cold 5 8 1 0 0 
D—Nu 10 2 15 4 0 0 0 0 
SS 2 3 7 0 0 0 0 1 
S—Nu 2 2 7 0 0 2 1 0 
Nu—Nu 3 0 6 2 0 1 1 0 

| 
S—Op 3 1 2 13 8 6 10 6 
D—Op 0 2 2 12 37 4 12 
Nu—Op 6 0 11 6 7. 5 16 8 
Op—Op 0 0 1 4 21 1 | 6 31 
Total number | 40 | 18 | 68 | 50 88 30 | 103 | 53 


It seems necessary, next, to simplify the kinds of leaf type combinations in order 
to clarify the relationship between the operation stage and the effect of the operation. 
Comparing various forms of the first leaves, it was found that they could be put 
in order according to the degree of fusion. As shown in Fig. 1, there are inter- 
mediate forms between the opposite leaf and the double-leaf, and the degree of fusion 
of the double-leaf gradually increases until a single-leaf is formed. Therefore, the single- 
leaf can be regarded as an extreme form of the double-leaf. That the single-leaf is not 
mere one of two leaves of the first pair is decided by the following facts. First, its 
insertion position is opposite to the cotyledon, not in the intercotyledonary plane as 
is the case with the normal first leaves. Secondly, its shape is wider than a usual leaf 
of the first pair. Moreover, the decision is supported by comparing the vascular system 
of the single-leaf with that of the double-leaf. A and B in Fig. 2 are the cross sec- 
tions of the petiole and the insertion region of a double-leaf, respectively. In this 
petiole, two sets of normal vascular system are included, and in the insertion region 
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Fig. 2. A and B, transverse sections of the petiole 
and the insertion region, respectively, of a double-leaf. 
C and D, transverse sections of the petiole and the in- 
sertion region, respectively, of a single-leaf. x33. 


there is a large leaf gap formed by fusion of two gaps. C and D in Fig. 2 are the 
sections of the petiole and the insertion region of a single-leaf, respectively. This 
petiole is wider than that of a normal leaf, and contains a wide vascular bundle that 
appears to be formed by union of two. The leaf gap is also wider than normal. 
For the foregoing reason, the D-type and the S-type leaves can be regarded as. 
those of the same category. Accordingly, the combinations D—D, D—S, S—S, D—Nu 
and S—Nu can be classified as one and the same category, D-group. On the other hand, 
Op—Op and Op—Nu are included in the Op-group. The latter group is the opposite 
category to the D-group, if the effect of the operation is judged only from the view- 
point of formation or non-formation of the double-leaf. Then, Op—D and Op—S form 
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Fig. 3. A, occurrence rate of type combinations on a twin seedling. B, 
occurrence rate of leaf types. 
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an intermediate group. 
In this way, it is possible to give simple figures indicating a relationship between 


the operation stage and the effect of the operation. In Fig. 3A, the occurrence | 
rates of above-stated three groups of leaf types, translated from Table 1, are plotted. 
In Fig. 3B, on the contrary, are plotted the occurrence rates of the leaf types on 
‘separate shoots apart from the combination on a twin-seedling. 

From Fig. 3, it is evident that the leaves of D-group are formed mainly in 6 
hours after sowing, but thereafter decrease rapidly in their formation rate, and are 
‘scarcely formed later than 15 hours after sowing. On the contrary, it is clearly shown 
that the opposite leaves are very few till 6 hours, then increase rapidly, and later 
than 15 hours they are formed most frequently. Therefore it is concluded that the 
operation between 6 and 15 hours after sowing had no effect to induce the double- 
leaf formation. 


2. Cytohistological changes in the shoot apex during 24 hours afters sowing. 


Cytohistological changes in the shoot apex during 24 hours after sowing were 
‘studied in order to find some relations between the developmental changes in the 
shoot apex during the experimentation period and the changes of the operation effect 
just described above. 

Dormant shoot apex (Fig. 4A): The shoot ‘apex of a mature dormant embryo 
is only a small meristematic region lying between the cotyledons. Two primordia of 
the first foliage leaves are situated oppositely on both shoulders of the shoot apex, 
-and the narrow, rather concave shoot apex proper lies between them. Histological 
construction of the shoot apex is not fully developed yet. Its complete zonation and 
‘stratification are established several days after germination. 

In the cells of the leaf primordia as well as of the shoot apex proper, cytoplasm 
‘stains intensely, but reserve materials (aleuron grains) are far less than in the cells 
of the rib-meristem below. Difference in histological differentiation between the apex 
proper and the leaf primordium seems very minute at this stage. 

The cells of the apical meristem of the dormant embryo show strong shrinkage 
‘of protoplasm under the technical procedures employed in this study. 

6-hour shoot apex (Fig. 4B): The 6-hour shoot apex is nearly the same as that 
of the dormant embryo, except that leaf primordia have swollen up a little by 
hydration. The cells contain many aleuron grains, and show intense shrinkage of 
protoplasm. The cells still appear to remain inactive at this stage. 

9-hour shoot apex: The cells of the apical meristem do no longer show shrink- 
age of protoplasm. In the cells of the leaf primordium, the cytoplasm stains deeply, 
and small-sized aleuron grains appear in place of larger ones. On the other hand, 
the cells of the shoot apex have digested most of aleuron grains. 

The cells of the apical meristem seem to have become active physiologically by 
this time. ) 

12-hour shoot apex (Fig. 4C): Aleuron grains have almost disappeared from the 
cells of the leaf primordium and the shoot apex, while the cells of the rib-meristem 
still contain plenty of them. All the cells stain intensely and appear to be fully 
activated. 

. 15-hour shoot apex (Fig. 4D): Rising of the leaf primordium gets more con- 
‘spicuous, and its cells stain deeper than those of the shoot apex. Cell divisions occur 


for the first time at this stage in the leaf primordium, but not yet in the shoot apex 
proper. The leaf primordium now begins to grow. 
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Fig. 4. Longitudinal sections of the shoot apices of germinating embryos. 
A, B, C and D, apices at the stages of 0, 6, 12 and 15 hours after sowing, 
respectively. A, x210; B and C, x245; D, x225. 


Fig. 5. Sections of regenerated shoot apices after the operation of the dormant 
shoot apex. A and B, 3 and 4 days after the operation, respectively. Note the 
epidermis, formed on the wounded side of the apex, extending down to the 
level of the arrow. cot: cotyledon. x 230. 
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Fig. 6. A, B and C, three sections from a regenerated apex, 4 days after the 
operation of the dormant shoot apex. A and C, the side sections, and B, the 
median section of the apex. X170. D, E and F, three sections from a re- 
generated apex, 2 days after the operation of the 1-day-grown shoot apex. D 
and F, the side sections, and E, the median section of the apex. X210. Arrows 


indicate the lowermost end of the epidermis formed on the wounded side. cot: 
cotyledon. 
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24-hour shoot apex: Cell divisions take place in the shoot apex proper as well 
as in the leaf primordium, but more frequently in the latter. Staining of the cells. 
of the leaf primordium is deeper than those of the shoot apex proper. 

Within 24 hours after sowing, whole dimension of the shoot apex slightly in- 
creases mainly by cell enlargement rather than by the increment of cell number. 
But the relatively large rising of the leaf primordium is due not only to cell enlarge-. 
ment but also to cell increment. 

From above observations, it may be said that the cells of the shoot apex of the 
embryo remain dormant till 6 hours after sowing, then become gradually active, but 
real growth occurs first in the leaf primordium 15 hours after sowing and then in the 
shoot apex proper. 

By comparing these changes in the shoot apex with the changes in occurrence: 
rate of double-leaf, it seems possible to draw a conclusion that the operation on the- 
shoot apex can cause the double-leaf formation when the shoot apex stays dormant 
but the effect by the operation gradually decreases as the shoot apex gets metabolical- 
ly active even before the beginning of growth, and finally it becomes lost after begin- 
ning of growth of the shoot apex. 


3. Regeneration of the shoot apex. 


Whether the first-leaf primordia develop as a double-leaf or as opposite leaves. 
after the operation must be determined in the course of shoot regeneration. There- 
fore, some difference is expected to be found between the regeneration process of the. 
dormant shoot apex and that of the growing shoot. In fact, a significant difference: 
was found between these two processes. 

It has been observed that the new shoot apex regenerated only from the unin- 
jured surface of the incised apex, but never from the wounded surface, and that the: 
wounded surface of the apical meristem showed mere wound responses, such as cell. 
divisions parallel to the wounded surface or callus formation on the wound*-). 
These results also apply to the present case, except that callus was not formed on. 
the wound. 

But a remarkable fact observed in the present study is the formation of new 
epidermis on the wounded side of the incised apex. As will be described below, it- 
is significant that the new epidermis could be observed in the shoot apex bearing a. 
double-leaf or a single-leaf, but not in the shoot apex bearing opposite leaves. 

Fig. 5A shows a regenerating shoot apex 3 days after the operation of a 
dormant shoot apex. New shoot organization appears nearly completed. In the- 
figure, the first leaf primordium is expected to arise on the right side of the new 
apex. What is worth mentioning here is the fact that a distinct epidermis covers the 
wounded side of the apex down to the level indicated by an arrow. This level of the- 
lowermost end of the epidermis is considerably lower than that of the summit of the- 
shoot, while at this stage the shoot apex itself shows no growth in height at all. 
Therefore, the epidermis on the wounded side must have been reorganized from the- 
underlying cells of the wound, or formed from the tunica layer by its downward 
elongation along with the elongation of the subjacent tissue. Remains of dead cells. 
attaching on the epidermis may support the former possibility. The lowermost part, 
at least, of the epidermis looks to be formed in this way. But the regeneration of 
organized tissue from the wounded surface of the apical meristem seems to be very 
difficult, and, in fact, it has never been reported. Although Ball'*) stated that epider- 
mis was formed from the sub-wound cells of the pith plug isolated from the sur-- 


410 Bot. Mag. Tokyo Vol. 74 


rounding tissue of the shoot apex in Lupinus, the epidermis does not look to be 
typically organized one and the real epidermis seems to be formed as a result of 
growth of the regenerated apex. Thus, in the present study, the larger portion of 
the new epidermis was perhaps formed by downward extension of the tunica. 

The downward extension of the tunica together with the elongation of the sub- 
jacent tissue causes a strong distortion in the outline of the shoot apex. The distor- 
tion of the external shape should be attended by the changes in the internal structure 
such as histological zonation or structural pattern in the shoot apex. Thus the fact 
of the epidermis formation on the wounded side of the incised apex suggests that 
profound disorganization and subsequent reorganization of the apical structure have 
occurred in the course of shoot regeneration. 

Fig. 5B shows a regenerated shoot apex, 4 days after the operation, in which 
the epidermis has extended downward on the wounded side and a leaf primordium 
has started to grow. In comparison with the growth of normal first-leaf primordium, 
which attains a height of 600 to 700 microns and commences laminal development 4 
days after sowing, that of the operated leaf primordium is very much retarded, be- 
cause it takes about 3 days for reorganization of the new shoot apex. Examination of 
serial sections shows that this apex bears only one leaf primordium initiated opposite 
to the cotyledon. 

A, B and Cin Fig. 6 represent three sections taken from an apex bearing a 
double-leaf primordium, 4 days after the operation of a dormant embryo. A and C 
are both the side sections, and B the median section of the shoot apex. It can 
be seen in the B section that the basal parts of the primordia A and C are connected, 
that is, these two primordia are to grow into a double-leaf. In this apex the epider- 
mis on the wounded side extends down to the level obviouly lower than the summit 
of the shoot. 

In all examples above mentioned, it is plain that the shoot apex itself has not 
yet grown in height at all, because it stays at the same level as in the dormant embryo, 
i.e., at the base of the cotyledons. Therefore it is doubtless that the epidermis ex- 
tended downwards from the shoot summit. 

In contrast with above examples, in the following example the operation was 
made 24 hours after sowing. D, E and F in Fig. 6 are the sections from the shoot 
apex 2 days after the operation. Both D and F represent the side sections, and E the 
median section of the shoot apex. On this apex two opposite leaf primordia developed. 
In this case, in contrast with above cases, the wounded side completely lacks epider- 
mis up to the uppermost level. The wounded surface is covered only by irregular 
cell layer, not by an organized epidermis. This means that the tunica did not extend 
downwards, but extended only outwards enlarging the area of the apex. According- 
ly it may be said that the apex did not undergo strong distortion in the course of 
regeneration. The development of this apex is much more advanced than that of the 
apex which formed new epidermis on the wounded side after the same growth period 
(cf. Fig. 5A). It is only one day retarded as compared with the intact apex. There- 
fore it is probable that the original organization of the apex was not so much disturbed 
_by the operation, and the shoot apex regeneration took place readily by mere repairing 
or expansion, rather than by reorganization, of the halved apical meristem. 

Thus the formation of organized epidermis on the wounded side of the incised 
apex is the characteristic of the shoot regeneration in the course of which leaves of 
D-group are formed. In other words, the disturbance of the apical organization, the 
epidermis formation on the wounded side of the apex during its reorganization, and 
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the formation of D-group leaves, are perhaps the closely connected and consecutive 
events. 


4, Interpretation of the process of the double-leaf formation. 


Previously the author’) presented an explanation of the process of the double-leaf 
formation. That, however, referred mainly to the approaching of two opposite leaves. 
Although the approaching of the leaf primordia must be one of the important condi- 
tions for the double-leaf formation, there still seems to remain some gap to be ex- 
plained between a mere fact of spatial approaching of the leaf primordia and their 
fusion into one. 

In relation to this point, interpretations of gamophyll formation induced by means 
of growth substance application give a good suggestion for the explanation of the 
double-leaf formation. 

Plantefol®'”) investigated gamophyll induction by 2,4-D in Linum usitatissimum. 
After him, gamophyll formation depends on abnormal functioning due to 2,4-D of 
whole leaf-generating region (“‘initial ring’’). That is, the simultaneous develop- 
ment of the whole initial ring results in the formation of a tubular union of leaves. 
Haccius and Schneider'®) presented similar explanation in Galium aparine. They con- 
‘cluded that the morphogenetic pattern in the apical cone based upon some gradients 
of substanses exuding from definite poles was flattened by excess amount of 2,4-D, 
and consequently separation of individual leaf primordia within the leaf generating 
region did not take place and the entire “ Bildungsring’’ grew into a tubular 
structure (gamophyll). 

Consulting these interpretations on gamophyll induction, the double-leaf formation 
‘may be explained as follows. 


Fig. 7. Schematic representation of the process of 
fusion of two opposite leaf primordia. C: apex center. 
P: leaf primordium. Further explanation in the text. 


When the shoot apex of dormant embryo is split (Fig. 7A), the apex may under- 
go profound disorganization, as suggested in the preceding section. Bisected leaf 
primordia may also degenerate to various extent. Upon regeneration, the new apex 
center shifts toward outside (Fig. 7B), and the original central region (hatched area 
in Fig. 7B) comes to occupy the lateral region of the new apex. Then this region 
may become potential for leaf formation. In consequence, there occurs on one side 
of the apex a wide leaf forming area consisting of both the newly activated region 
and the degenerated leaf primordia. When the leaf primordia resume growth after 
some retardation period, the region between the primordia may grow with them. 
Thus two primordia may grow into a united structure (Fig. 7C). On that occasion, 
the narrow shoot apex of sesame embryo and accordingly small distance between two 
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leaf primordia may be one of the conditions which facilitate the process. Grade- of 
disorganization of the shoot apex and the size of the regenerated apex may determine 
the degree of fusion. If the disorganization is strong and the regenerated apex 1s 
narrow, the leaf forming area may be small, and a single leaf may be formed. 

On the other hand, the active shoot apex may undergo little disturbance in its 
structure when operated, and its original configuration may persist. Regeneration of 
the shoot apex may be performed by mere expansion of the halved apex. Therefore 
the leaf primordia may maintain their individualities and their growth may not be 
so much inhibited. They may only perform regeneration of their own structure, 
growing separately, although they may approach to each other more or less as a 
result of outward shift of the new apex center. 


Summary 


1) Double-leaves were formed in high frequency in Sesamum indicum by split- 
ting the shoot apex of dormant embryo. But their occurrence rate decreased rapidly 
with delaying the operation stages from 6 to 15 hours after sowing, and later than 
15 hours after sowing they were scarcely formed, opposite leaves being formed in 
place of them. 

2) Histological observation revealed that the shoot apex of embryo stayed 
dormant till 6 hours after sowing, then became gradually activated metabolically, and 
that cell division occurred first 15 hours after sowing. Therefore plastochronic change 
hardly occurred by that time. 

3) From above results, it may be concluded that the double-leaf formation is the 
characteristic response of the dormant shoot apex to the operation, and the response 
becomes different as the shoot apex gets active, even if its plastochronic stage is the 
same as in the dormant stage. 

4) When the operation was made on the dormant shoot apex, an epidermis was. 
formed on the wounded side of the apical meristem of the regenerated shoot, while 
it was never formed after the operation on the activated shood apex. The epidermis 
was formed by downward extension of the tunica. This fact means that the apical 
meristem, when split at the dormant stage, undergoes strong distortion in the course 
of regeneration. The distortion in the external shape may be attended with the 
disturbance in the internal structure. This is a characteristic behavior of the dorm- 
ant shoot apex. 

5) Process of the double-leaf formation was interpreted from the viewpoint of 


disturbance in the structure and morphogenetic function of the shoot apex due to the 
operation. 
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The Effects of Temperature after the Light-exposure 
on the Germination of Oenothera Seeds 


by Tadashi Fusu* and Sigeo IsIkAwA* 
Received June 18, 1961 


The interaction between photoperiod and temperature in seed germination has 
been investigated by many workers'‘). The results obtained have indicated the 
diversity in the patterns of the interaction in different kinds of seeds. 

In 1955, Black and Wareing') demonstrated in the seeds of Betula pubescens that 
the effect of increased temperature appeared to be primarily upon certain processes 
initiated by a preceding period of illumination, On the other hand, Isikawa and Ishi- 
kawa’), and Fujii and Isikawa‘), dealing with the interesting mode of germina- 
tion, reported that the seeds of Filsholtzia and Nasturtium required for their full 
germination a certain period of a low temperature (5°) applied immediately after the 
light irradiation. They*) also demonstrated that their germination was suppressed 
when a dark period of high temperature (23°) was inserted between the light irradia- 
tion and the low-temperature treatment, and this inhibitory effect of darkness at high 
temperature was removed effectively by the ‘“‘light-break.’’ The results indicated 
that the changes during the dark periods of high temperature in Nasturtium seed 
germination resembled those in the flowering of long-day plants. 

The authors obtained results similar to those on Nasturtium seeds concerning the 
germination of Oenothera Lamarckiana Ser. seeds which have been regarded as being 
typical light-sensitive seeds®). The present study aims at analysing the role of tem- 
perature in the germination of light-sensitive seeds. 


Material and Methods 


In these studies seeds of Oenothera Lamarckiana Ser. were used. A collection 
of seeds was made in October 1960 at Fujiyoshida, Yamanashi Prefecture. 

The methods used were similar to those previously described for Nasturtium seeds 
by Fujiiand Isikawa‘). In testing the effect of a particular treatment, seeds were placed 
on 0.7-0.8% agar-beds in Petri-dishes. Two lots of 100 seeds were used for each treat- 
ment. Each dish was wrapped with a thick black paper and placed in an incubator 
which was usually controlled within +1° during the dark period, and the seeds were 
treated in thermostatically controlled light cabinets during the light period. 

Main light periods were generally maintained with cool white fluorescent light, 
the intensity being measured by a photometer at the surface of Petri-dishes. The 
red radiation was given from cool white fluorescent lamps through a filter of two 
layers of red cellophane. 

The seeds with grown radicles on the third day after the treatment were counted 
as those germinated. The average germination rate of seeds in two dishes being 
subjected to the same treatment was taken as the germination rate of the lot. The 
eae reported here were performed during the period from February to April, 
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Results 


In preliminary tests, it is indicated that the seeds of Oenothera Lamarckiana 
Ser. will not germinate in complete darkness at various temperatures, but in con- 
tinuous illumination at 2000 lux from the standard cool white fluorescent lamps. They 
-are thus light-requiring seeds. 

To observe the sensitivity to light, the seeds were irradiated for 6 hrs. with the 
light of 2000 lux after various times of dark imbibition, and then kept in darkness until 
no further germination took place (about 3 days). Data not given in the figure showed 
that there was a gradual increase in sensitivity to light with time, the maximum 
percentages of germination being attained after 2 days of imbibition at 35°, 3 days 
at 30°, and 3.5 days at 23°, and then decreased gradually with further increase in 
the imbibition time. 

The following experiments were then carried out to determine the effect on 
germination of exposing the seeds to irradiation of various lengths. The seeds to be 
exposed to light at 35°, 30° and 23° were soaked in darkness for 2, 3, and 3.5 days, 
respectively. The results are shown in Fig. 1. It was seen that, at 23°, exposure to 
_a short illumination, even of 6 hours’ duration, results in a considerably high per- 
centage of germination. A rise in temperature to 30° or 35°, on the other hand, 
-decreased the response to the light irradiation, in the case of short applications. 
This decrease of germination percentage, however, was eliminated markedly with the 
prolonged exposure to light (Fig. 1). The results indicated that the processes in- 
‘hibited with high temperature application were involved in germination, this inhibitory 
-effect being removed by the longer application of illumination. 
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0 3 6 12 24 48 


TIME IN HOURS OF LIGHT IRRA 
DIATION 
Fig. 1. Effect on germination of irradiation (with 2000 
lux light) of various durations. 


From the results of the preceding experiments, it is not possible, however, to 
-analyze the processes which are primarily affected by an increase in temperature. 
‘The experiment was performed to observe whether it was the light reactions or the 
dark reactions which were inhibited by high temperature. The seeds to be exposed 
for 6 hours to the light of 2000 lux were soaked in the dark for 72 hrs. at 30° before 
illumination, and then kept in darkness for 3 days after the irradiation. During the 
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Table I. Effect of temperatures during the light and dark periods. 


72-hr. dark imbibition  6-hr. light Dark period after curation: 
before irradiation period irradiation 
Shit 35° 37.0 
=a 30° 7225 
34 30° oe 29.0 
30° 30° 74.0 


light period and the following dark period, the seeds were exposed to temperatures. 
of 30° and 35°, as shown in Table I. 

The germination percentages were about 30% in seeds kept at the higher tem- 
perature (35°) after the light exposure and more than 70% in seeds kept at 30° after” 
that. These results indicate that the temperature during the dark period given after 
the light exposure is primarily effective in stimulating or inhibiting germination. 

An attempt was made to obtain more information of this inhibitory effect of 
higher temperature (35°) by varying the length of temperature treatment after the- 
light exposure. Oenothera seeds in several dishes were irradiated for 6 hrs. at 30° 
with the light of 2000 lux after 3 days of dark imbibition at the same temperature, 
and each dish of seeds was transferred in the dark to the cabinet at 35°. After this. 
temperature treatment for various durations, they were returned to the cabinet at 30° 
in the dark. In this experiment, as the duration of high temperature after the light 
irradiation was increased, the germination percentages gradually decreased to about- 
30% as shown in Fig. 2. 


¥ & Bey 
B BS 
za 
Zz 
6 <] 
F > 
Zz SI 
5 = 
(“4 qQ 
W oO 
Oo 
~ a e——— ee SS 
0 6 12 18 24 30 36 2 4 Si ig 24 
TIME IN HOURS OF DARK PERIOD TIME IN HOURS AFTER START 
AT 35° AFTER LIGHT OF DARK PERIOD AT 35°? 
IRRADIATION Fig. 3. Effect on germination of a 10- 
Fig. 2. Effect of dark incubation at 35° min. light-break given at various times in 
after 6-hr. light period. the 24-hr. dark period at 35° after illumi- 
nation. 


It has been reported that germination response in Nasturtium seeds is markedly~ 
modified if the dark period at 23° between the light and the low temperature period is= 
interrupted with a short period of illumination‘). This inhibitory effect of dark period 
might be compared with that of high temperature in the present experiment. It is~ 
therefore of considerable interest to investigate the effect of <‘ light-break ’’ during - 
the dark period of higher temperature, on the germination of Oenothera seeds. 
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The seeds were first irradiated for 6 hrs. with the light of 2000lux from the 
standard cool white fluorescent lamps after 3 days of dark imbibition at 30°, and 
immediately exposed to higher temperature (35°) in darkness for 24hrs. A 10-minute 
light-break with red light was given at some point during the dark period at 35°. 
The light-break was most effective when given at about the 3/4 point of the dark period 
-of higher temperature (Fig. 3). The results obtained showed that the germination of 
-Oenothera seeds was affected by light-break, similarly to the case of the germination 
<of Nasturtium‘) seeds and the flowering of long-day plants. 


Discussion 


Black and Wareing') observed that a higher temperature (20°) in the dark storage 
-period following a single photoperiod served to increase the rate of germination. They 
-also demonstrated that high temperature during the dark period after the light- 
‘exposure was primarily effective in stimulating germination, but high temperature dur- 
ang the light period was not. Isikawa and Ishikawa’), on the other hand, observed 
that, other than illumination, a low temperature treatment immediately after the 
light irradiation was necessary for inducing the germination of a species of Elsholtzia. 

The foregoing experiments in this paper provide a clear evidence that the high 
‘temperature (35°) after the irradiation is inhibitive on the germination of Oenothera 
seeds which are known as typical light-sensitive seeds. From the results in Betula, 
Nasturtium and Oenothera, it may be considered that the moderate temperature for 
germination is represented by the temperature immediately after the light-exposure, 
in light sensitive seeds except the seeds of some species of Lepidium®), Rumex’) etc. 
only a single short exposure to light is sufficient to bring about germination. 

The photoperiodic control of seed germination has been reported in a number of 
photoblastic seeds!”+**), One of the characteristic features associated with the photo- 
‘periodic control of germination is that the germination response is affected by the 
length of the dark period, and that this response is markedly modified if the dark 
period is interrupted with a short period of illumination. 

In Oenothera seeds, a dark incubation at 35° after the light irradiation is inhibi- 
tory to the germination. The germination percentage, however, is increased if the 
dark period of 35° is interrupted with a short period of irradiation. Thus, the pro- 
cesses occurring during the high-temperature treatment after the light-exposure re- 
-semble those during the dark period in the flowering of long-day plants. 

Namely, the sequence of the processes in Oenothera seeds can be illustrated, in 
analogy to that reported in Nasturtium seeds‘), by the following figure: 


T II 
es ———-> Germination 
00 es ing 
| 


aa 


I ' a light-dependent process, 

II a moderate temperature-requiring process, 

III a degradative process with high temperature, 

IV a low-intensity light process antagonistic to the degradative process. 


The seeds require a moderate temperature after the light-exposure for their 
‘germination. If they are treated with high temperature, the high temperature after 
the irradiation tends to destroy the changes which have taken place in the preceding 
light period, but if the light period is extended beyond a certain limit at 35°, the 
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germination is markedly promoted. It may be considered that this promotion of 
germination is due to the inhibition of degradative process of high temperature with 
the light irradiation which is regarded as being a low-intensity light (light-break). 


Summary 


1. The seeds of Oenothera Lamarckiana Ser. do not germinate in darkness at. 
various temperatures, but exposure to a short illumination at a temperature of 23°, 
results in a considerably high percentage of germination. Thus, the seeds of Oenothera 
are shown to be light-requiring for their germination. 

2. The temperature in the dark, but not in the light is effective in stimulating 
or inhibiting germination. When the seeds are exposed to higher temperature (35°). 
immediately after the light irradiation, their germination is suppressed. This inhibi- 
tory effect is removed if the dark period of 35° is interrupted with a short period of 
illumination (light-break). Thus, the processes occurring during the dark period of 
35° after the light irradiation resemble those in the flowering of long-day plants. 

3. The observed results in this paper suggest that the inhibitory effect of dark. 
period on germination of Oenothera seeds is virtually the degradative action of high 
temperature on the processes initiated by preceding period of illumination. 
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A Discussion on the Taxonomy of Tricholoma 


aggregatum (Schaeffer ex Secretan) Constantin et Dufour 
and Tricholoma conglobatum (Vittadini) Saccardo 


—From the Viewpoint of Crossing—— 
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Table 4. All possible pairings of 14 mo- 
nosporous mycelia isolated from a single 
fruit body of the type C of Tricholoma 
aggregatum. 
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Table 3. All possible pairings of 10 


monosporous mycelia isolated from a 
single fruit body of the type B of 
Tricholoma aggregatum. 
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Table 6. All possible pairings of 12 
monosporous mycelia isolated from a 
single fruit body of Tricholoma conglo- 
batum. 
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Table 7. Result of pairing between tetra- 
polor haplonts of the type A and B in 
Tricholoma aggregatum. 
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polor haplonts of the type A and C in 
Tricholoma aggregatum. 
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Table 9. Result of pairing between tetra- 
polor haplonts of the type A and D in 
Tricholoma aggregatum. 
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Table 10. Result of pairing between tetra- 
polor haplonts of the type A of Tricho- 
loma aggregatum with tetrapolor haplonts 
of Tricholoma conglobatum. 
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Summary 


1. The results of the ecological and morphological studies on Tricholoma aggregatum 
collected from nine stations reveal that the samples are classifiable into four morphological 
types; they are, for convenience’ sake, called type A, B, C and D. 

2. From the results obtained from all the possible pairings of monosporous mycelia 
isolated from these four types (Tables 2, 3, 4 and 5), it may be concluded that these four 
types are all tetrapolor. And it is more reasonable to regard that these four types are of 
the same species, because the results of the experimental crossing reveal that the monospo- 
rous mycelia of type A can conjugate with those of each of other three types as shown in 
Tables 7, 8 and 9. 

3. T. conglobatum is tetrapolor, too (Table 6). In it any local and morphological va- 
riation can be hardly observed. 

4. T. aggregatum and T. conglobatum should be classified into different species, because 
no conjugation of the type A of T. aggregatum with T. conglobatwm can be observed in 
experimental crossing (Table 10). 
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Short Communication 


Yutaka MurAKAMI*: Formation of Gibberellin A3 Glucoside in 


Plant Tissues 
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Although the physiological action of gibberellin A; has been extensively studied 
jn recent years, no work has been done about the fate of this compound in the tissue 
of higher plants. The author observed that exogenous gibberellin A; is converted in 
many plants into a glycoside which gives a blue color with Folin-Ciocalteau reagent 
and induces a growth response in the rice seedling test. This paper describes the 
experiment with young cucumber leaf disks. 

Young cucumber leaf disks, 1.5cm. in diam., were floated on a solution contain- 
ing 1,000 ppm gibberellin A; in 1% sucrose and placed in the light at room tempera- 
ture. After 3 days, 200g. of the disks were removed from the solution, washed with 
water, and extracted two times with 1/. of 70% acetone. The filtered extract was 
concentrated under reduced pressure. The aqueous residue was then adjusted to pH 
2.5 with phosphoric acid and shaken five times with twice its volume of ethyl acetate 
in order to remove free gibberellin A3. The resulting aqueous fraction was extracted 
three times with 100m/. of n-butanol. This butanol extract was dried over an- 
hydrous sodium sulfate, concentrated in vacuo, and the residue was spotted on chro- 
matography paper. Chromatograms were run in the solvent system of iso-propanol/ 
ammonia/water (10:1:1). A chromatogram sprayed with Folin-Ciocalteau reagent 
showed a blue spot characteristic of gibberellin As at Rf 0.4. where gibberellin ac- 
tivity was detected. Under the same conditions of development, free gibberellin A; 
was located at Rf 0.6. For the identification of this new compound, the zone cor- 
responding to Rf 0.4 was eluted with water, the eluate was concentrated, and chro- 
matographed again with u-butanol/glacial acetic acid/water (4:1:2). One half of the 
chromatogram run from the spots was assayed by the rice seedling test and the other 
half was sprayed with Folin-Ciocalteau reagent. After spraying, a definite blue spot 
appeared at Rf 0.68, corresponding to the growth-promoting zone on the chromato- 
gram (Fig. 1A, D). The Rf value of gibberellin A; was 0.9 in this solvent system. 
Then from a number of chromatograms this new gibberellin was eluted with water, 
and hydrolyzed with either 1 N hydrochloric acid at 100° for 1 hour or emulsin (B- 
glucosidase) at 30° for 1 day. The hydrolysis products were concentrated and chromato- 
graphed in u-butanol/acetic acid/water, respectively. On the chromatogram of the 
acid-hydrolysis products glucose was detected with benzidine-trichloroacetic acid rea- 
gent. After treatment with emulsin, paper chromatography revealed the presence of 
glucose and gibberellin A; (Fig. 1B, C). This fact indicates that the compound 
formed is a B-glucoside of gibberellin As. Similar gibberellin A; derivatives were 
also obtained with young leaves of the following plant species: Pharbitis Nil (Japa- 
nese morning-glory), Ipomoea Batatas (sweet potato), Diospyros Kaki (Japanese persim- 
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Length of rice leaf 
sheath (cm.) 
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Gibberellin A; 
Rf 0.9 


Gibberellin A; 
B-glucoside 
Rf 0.68 


Glucose Rf 0.26 


A B C D 


Fig. 1. Paper chromatograms showing the formation of gibberellin 
Ags B-glucoside by treating cucumber leaves with gibberellin Ag. 

Ascending paper chromatography using Toyo No. 50 filter paper. 
Solvent; »-butanol/glacial acetic acid/water (4:1:2), distance travelled; 
29cm, temperature; 22~25°. A and B were sprayed with Folin-Cio- 
calteau reagent!), C with benzidine-trichloroacetic acid reagent, and D 
bio-assayed by rice seedling test?). 


mon), Arachis hypogaea (peanut), Lupinus luteus (yellow lupine), and Pyrus}Simonii 
(pear). 

The formation of glycosides in plant by adding different aglucones is_awell- 
known phenomenon and is considered to be a detoxication mechanism. A*similar 
role might be played by the conjugation of gibberellin As with glucose in plant 
tissues. 
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Developmental Mechanics of Fucaceous Algae XIX. 
Negation to the Presence of Polar Cyto-skeletal Systems 
in the Endoplasm of Coccophora Eggs* 


by Singo NAKAZAWA** 


Received June 20, 1961 


In Fucus furcatus') and Cystoseira barbata®), the developmental polarity of the 
egg is determined by means of centrifuging. But in some other fucoids, such as 
Coccophora Langsdorfii*), Sargassum confusum*), S. tortile®) and Fucus serratus*), it 
is not determined by centrifugal force. Invalidity of centrifugation to the polarity 
determination was also reported in Eqguisetum spores®*), Vaucheria spores’), and in 
animal eggs. For explaining the stability of the developmental polarity as in the 
latter cases, Lillie*), Conklin’) and others presumed the presence of an immovable 
polar skeletal system pervading the endoplasm of the egg. This hypothesis has been 
attacked by discovery of the presence of cortical cytoplasm that is also stable even 
for a strong centrifuging. Further, the fact of protoplasmic stream will be another 
evidence that opposes the presence of endoplasmic skeleton. If there were a polar 
skeletal system in the endoplasm, it would obstruct differentially in directions the 
movement of intracellular elements when the cell is centrifuged. As a result, the 
appearance of stratification would be more retarded towards a certain direction than 
towards another according to the orientation in which an egg undergoes centrifuga- 
tion. In addition, once the intracellular elements were stratified, velocities of their 
redistribution would also differ with directions. In this idea, Howard!®) made ex- 
periments with sea urchin eggs, and obtained negative results. The present writer 
undertook a series of similar experiments on fucoid eggs. 


Material and Methods 


The material was Coccophora Langsdorfii collected in Asamushi in April, 1961. 
Eggs were fertilized artificially in glass vessels by usual method. The egg is 
spherical or a little elongated before and just after fertilization, and later it is trans- 
formed by morphogenetic movements into an ovate form pointed towards one end. 
Morphologically, the developmental polarity is determined at the later stage. At the 
two different stages, eggs were centrifuged with various centrifugal forces. An 
electric centrifuge, 10cm. in radius, was used for obtaining 400 to 1,100 times gravity, 
and an air-turbine centrifuge of 1.5cm. in radius for 25,000 times gravity. The time 
of centrifugation was 60 seconds for each. Observations with a microscope were 
divided into three points. (a) Whether or not there is a difference in velocity of 
stratification with the same centrifugal force between the stages before fertilization 
and after the determination of morphological polarity. The velocity of stratification 
was indicated in percentage of appearance of clear strata. (b) Whether or not there 
is a difference in velocity of stratification according to the direction in which the egg 
is centrifuged with the same centrifugal force at the same stage. The direction of 
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centrifugal force towards which an egg undergoes centrifugation is determined by 
chance when the egg is placed in the centrifuge. So that, the stratification can take 
place in various directions with respect to the polarity axis of the egg by chance. 
The velocity of stratification was measured in percentage of individuals exhibiting 
very clear strata. The percentage was calculated in each of the apical, the basal, 
and the lateral stratifications separately, excluding stratifications in intermediate 
directions. (c) Whether or not there is a difference in velocity of redistribution of 
the stratified elements according to the direction of centrifugation at the stage after 
the polarity was determined. The velocity of redistribution was measured in per- 
centage of individuals retaining the clear strata. That is, the lower is the percentage, 
the higher is the velocity of redistribution. The percentage was calculated also in 
each of the apical, the lateral, and the basal stratifications, separately. The stratified 
layers should be observed right sidewards to avoid indistinctness of their border- 
lines. Ratio of the replacement of nucleus to the central part of the egg cell was 
also measured for the same purpose. In this case, the higher is the ratio, the higher 
is the replacement velocity. 


Table 1. Stratification ratio in Coccophora eggs when centrifuged at various 
forces for one minute. 


Centrifugal force % of individuals exhibiting clear stratification patterns 
ag Unfertilized eggs Polarity-determined eggs 

400 0 0 
1,000 0 0 
1,700 0 0 
2,200 8 8 
2,700 50 51 
4,000 100 100 
11,000 100 100 


Results with Discussion 


(a) As shown in Table 1 and also in Fig. 1, the endoplasmic elements cannot 
be stratified at a force lower than 1,700xg (=times gravity) regardless of the 
developmental stage. At 2,200xg rate of the clear stratification was 8 per 
cent. At 2,700xg it rose to 50 per cent, and at a force higher than 4,000 xg almost 
100 per cent eggs were completely stratified. These indicate that the limit of 
centrifugal force to stratify the cellular inclusions is between 2,200 to 2,700x g: MH 
is noteworthy that there is no difference in velocity of stratification between stages 
so far as tested. If it were that a peculiar skeletal system were developed in the 
endoplasm after fertilization and it caused the polarity, the limit of centrifugal force 
necessary for the stratification should be different between stages before and after 
the appearance of developmental polarity, because the skeletal structure would 
obstruct movements of inclusions. The difference, however, could not be perceived. 
This implies that a cyto-skeleton can be rejected from the endoplasm. (b) If the egg 
is centrifuged at a stage after the polarity was determined morphologically, the limit 
of centrifugal forces for the apical, the basal, and the lateral stratifications are 
almost equal. That is, the ratio of individuals exhibiting clear stratification is 8 per 
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Table 2. Retaining of clear stratification six hours after centrifugation 
in eggs with determined polarity. 


Stratification 
Apical Basal Lateral : 
Retaining % 21 20 23 
Individuals inspected 86 93 92 
100 <= 


% 


Fig. 1. Stratification ratios towards 
apical (—O—), basal (—@-—), and lateral 
(—x—) directions when the egg is centri- 
fuged after their polarity axis was de- 
termined morphologically. The ratio is 
represented in percentage of individuals 
exhibiting clear stratification patterns. 


RATIO OF STRATIFICATION 
a 
fe) 


Hs 


400 1700 5500 
CENTRIFUGAL FORCE 


cent at 22,000x¥y, 50 to 53 per cent at 2,700xg, and almost 100 per cent at higher 
than 4,000xg, regardless of the direction in which an egg undergoes centrifugation 
(Fig. 1). These also indicate that development of the cyto-skeletal system cannot be 
considered even after the polarity was determined. (c) Modes of the redistribution 
of the stratified elements are different with stages. If an egg is centrifuged before 
fertilization and is left without being fertilized, all the visible elements stratified are 
retained without being redistributed. But, if it is centrifuged after fertilization, 
first the nucleus gets out of the plastid layer and is replaced to the central part of 
the egg cell within a few hours, then some of the plastids follow the trace of the 
nucleus and then are dispersed all over the endoplasm (Fig. 2). The oil cap and the 
free water layer are also diffused very soon. Most of the plastids are retained in 
the same layer until the egg gives rise to a young embryo, so that the centrifuged 
direction is distinguished with ease even at a later stage. Both the replacement of 
nucleus and the redistribution of plastids and other elements take place almost at 
the same velocity in any direction, basally, apically, or laterally (Fig. 2, Tables 2, 3). 
These also indicate that there is not a polar skeleton in the endoplasm. On this 
occasion, it will be questioned from the skeletal theory as to the possibility that the 
endoplasmic structure might be broken by strong centrifugation and the apolar 
redistribution might occur. This, however, is a contradiction. Because, if the cyto- 
skeleton is permitted, the stability of developmental polarity against a strong 
centrifugation should be based on the stability of cyto-skeleton, nevertheless the 
skeletal system is broken by the same centrifugation. 

Hence, presence of a polar cyto-skeletal system should be denied regardless of 
the developmental stage before or after determination of the morphological polarity. 
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Fig. 2. 
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Apical (A) and basal (C) stratifications in polarity-de- 


termined eggs, and their respective redistribution patterns (B, D) 
after six hours. n, nucleus; p, plastids. 


Table 3. Replacement of nucleus six hours after clear stratification obtained with 
centrifugation at 4,000 times gravity, in eggs with determined polarity. 


Stratification 
Apical Basal Lateral 
Complete replacement % 79 80 ‘ Tit! 
Individuals inspected 86 93 92 


Summary 


Eggs of Coccophora Langsdorfii were centrifuged respectively before fertilization 
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and after determination of the morphological polarity towards various directions at 
400 to 25,000 times gravity. As a result, the following was revealed. (1) The limit 
of centrifugal force necessary for stratification of the endoplasmic elements lay 
between 2,200 and 2,700 times gravity regardless of the developmental stage. (2) No 
difference was perceived in the velocity of stratification among directions, basal, 
apical and lateral, towards which the egg was centrifuged. The velocities of 
redistribution of the stratified elements also could not be distinguished with directions 
in which they were centrifuged. (3) From these facts, it is not considered that there 
is a polar cyto-skeletal system in the endoplasm of fucoid eggs. 
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Studies on the Mode of Action of 1:4-dihydronaphthoic acid-1 I. 


Masayuki KaTsuMI* 


Received July 3, 1961 


Many substances of chemically different natures are called auxins owing to their 
promoting effect on shoot elongation. It is doubtful, however, whether or not their 
primary actions in the cell are the same for all of them. 

Some naphthoic derivatives have strong auxin activity,?®”*) despite of their lack of 
the structural requirements proposed by Koepfli, Thimann and Went’). The purpose 
of the present study was originally to investigate whether 1:4-dihydronaphthoic acid- 
1 was a genuine auxin or not. Experimental results, however, suggested that the 
naphthoic acid derivative had something common with naphthaleneacetic acid in the 
primary action, and not with indole-3-acetic acid. 


Material and Method 


From 7-day old seedlings of Alaska pea, grown in a dark-room at 25°C, those 
having the third internode 15-20 mm. in length were selected. Discarding the apical 
5mm. of the third internode, the following 5mm. zone was excised for experimental 
use. Ten of those sections were floated on about 15 mi. of test solution in a Petri 
dish and kept in the dark at 25°C. After 24 hours their lengths were measured 
under binocular microscope of low power with an objective micrometer of 0.1 mm. 
scale. The mean final length in the test solution was expressed as percentage of 
that in pure water. The results presented below are averages of at least two ex- 
periments. 

Abbreviations 1:4-H.-NcA, IAA, NAA, 3CIBA and 4CIBA stand for 1:4-dihydro- 
naphthoic acid-1, indole-3-acetic acid, naphthaleneacetic acid-1, 3-chlorophenoxy- 
isobutyric acid and 4-chlorophenoxy-isobutyric acid, respectively. 


Results 


The effect of various concentrations of 1:4-H.-NcA upon growth was found to be 
as shown in Fig. 1. The optimum concentration seems to be about 10 mg.//. 

The results of mixing IAA in various concentrations with 10 mg.//. of 1:4-H2-NcA 
are illustrated in Fig. 2. If the action mechanism were common to IAA and 1:4-H,- 
NcA, the elongation in the presence of 1:4-H:-NcA in the optimal concentration 
would not be increased by the addition of IAA in low concentration. Furthermore, 
the mixture in the optimal concentration of 1:4-H:-NcA with IAA in the opitimal 
and higher concentrations would depress the elongation as a supra-optimal effect, 
probably even to a level below that in the case with the single application of IAA. 
But neither of these expectations was found. Hence the two substances do not seem 
to act on the same site. 

The elongation-concentration curve of NAA resembles that of 1:4-Hs-NcA, and 
the optimal concentrations of the two substances are roughly the same. When the 
two substances were mixed, the above-mentioned expectations based on the assump- 
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Fig. 1. Concentration effect of 1:4-dihydronaphthoic acid-1 on the 
elongation of pea stem sections. Final length in percentage of that 
of control. 
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Fig. 2. Effect of indole-3-acetic acid, alone and in combination 
with 1:4-dihydronaphthoic acid-1 (10 mg./J.), on the elongation of pea 
stem sections. Final length of sections in percentage of that of 
control. 


tion that they should act on a common reaction site were shown to be realized (Fig. 
3). Namely, the effect of 10 mg.//. 1:4-H,-NcA was not influenced by the addition of 
less than 1 mg.//. of NAA, but was suppressed by that of 10 mg.//. or more of NAA. 
Hence it is suggested that 1:4-H;-NcA and NAA act in a common mechanism. 
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Fig. 3. Effect of a-naphthaleneacetic acid, alone and in com- 
bination with 1:4-dihydronaphthoic acid (10 mg./l.), on the elonga- 
tion of pea stem sections. Final length of sections in percent- 
age of that of control. 


It may then be expected that NAA does not interact with IAA. In order to see 
the relation between JAA and NAA, they were mixed in various concentration ratios. 
The results are shown in Table 1. When one of the two auxins was in its sub- 
optimal concentration, the addition of the other one could increase the elongation. 
But the addition of IAA in the optimal concentration (10 mg.//.) did not intensify the 
supra-optimal effect of NAA. Thus it is suggested that the action mechanism both 
of 1:4-H:-NcA and NAA is same, being different from that of IAA. 


Table 1. Effect of IAA on NAA-induced elongation of pea stem sections. 
Final length in % of control. 


kx / NAA, mg./l. 

mg./l. | 0 0.1 1 10 25 50 
0 100 116 128 133 129 113 
1 134 138 142 140 133 115 


10 139 139 142 137 130 112 


That 1:4-H:-NcA is a kind of auxins different from IAA may further be sub- 
stantiated if antiauxins effective on the one are not effective on the other. 3CIBA 
and 4CIBA have been reported to be antiauxins by MacRae and Bonner‘) and by 
Burstrém'). When each of them was added to IAA solution of various concentrations, 
the final concentration being 25 mg.//., they proved to be antagonistic to IAA, as 
shown in Figs. 4A and B. When, on the other hand, they were added to a concen- 
tration series of 1:4-H:-NcA as shown in Table 2, they did not modify the elonga- 
tion caused by 1:4-H»-NcA, 
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Fig. 4. Effect of 3-chlorophenoxy-isobutyric acid and 4-chloro- 
phenoxy-isobutyric acid (25 mg.//. each) on the elongation of pea stem 
sections in the presence of various concentrations of IAA. Final 
length of sections in percentage of that of control. 


Table 2. Effect of 3CIBA and 4CIBA on the elongation of pea stem sections 


Compound | 1) bios Oo Bir 1 c 
mg./l. 0 0.001 0.01 0.1 0.5 1 10 
100 5 100 105 124 130 136 
3CIBA 
94 = 95 105 125 130 137 
100 99 100 107 a 136 141 
4CIBA . 
96 96 97 107 a 136 141 


Table 3. Effect of 4CIBA on NAA-induced elongation of pea stem sections. 
Final length in % of control. 


4CIBA NAA, mg./l. 
mg. /I. 0 0.01 0.1 0.5 1 
0 100 102 121 131 134 
25 93 102 123 130 131 


With a very high concentration, such as 50 mg.//., 4CIBA depressed the elonga- 
tion effect of 1:4-H,-NcA. But this does not seem to be attributable to an an- 
tagonistic effect of 4CIBA, since the same thing occurred also in combination with 


JAA, 
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As to the interaction of 4CIBA with NAA, experimental results were presented 
in Table 3. As expected, 25 mg.//. of 4CIBA did not show any appreciable antagonistic 
effect on NAA. Thus it was shown that the antiauxins used were antagonistic to 
IAA but not to 1:4-H:-NcA and NAA. 


Discussion 


MacRae et al®) obtained straight lines in a double reciprocal plot of the growth 
against the concentration, using IAA, NAA and 2,4-D solutions or their mixtures. 
They discussed their results from the standpoint that the three auxin substances act 
on the same receptive sites. 

In the present case of pea stem sections, however, the relation of growth to 
auxin concentration did not fit the equation for enzyme reaction. Hence the problem 
was studied by the additive effect of two auxins and by the interaction with antiauxin. 
The results suggest that NAA and 1:4-H:-NcA act on a common site, which is some- 
what different from the site for IAA. 

It is not known by what mechanism the elongation is depressed by a supra- 
optimal concentration of auxin. Also it is not clear that the antiauxins used compete 
with IAA for the same site. Hence the experimental results reported above are not 
sufficient to discuss the action site of auxin substances. But it is to be noted that 
the two auxin substances having a naphthalene ring resemble each other and differ 
from IAA in the nature of their action. 


Summary 


1) Sub-optimal concentrations of indole-3-acetic acid (IAA) added to the optimal 
concentration of 1:4-dihydronaphthoic acid-1 (1:4-H,-NcA) increased the elongation of 
etiolated pea stem sections, and the optimal concentration of IAA added to it did not 
cause the supra-optimal depression effect. The same was true when IAA was added 
to naphthaleneacetic acid (NAA). 

2) Sub-optimal concentrations of NAA added to the optimal concentration of 1:4- 
H:-NcA did not increase the elongation, and high concentrations of NAA added to it 
caused the depression effect. 

3) 3-Chloro- and 4-chlorophenoxy-isobutyric acids were antagonistic to IAA but 
not to 1:4-H:-NcA and NAA. 

4) All results are consistent with the assumption that 1:4-H.-NcA and NAA act 
on the same reaction site, but that IAA acts on a different site. 


The author wishes to thank Professor Joji Ashida, Kyoto University, for his 
cordial guidance during the work and the preparation of this paper. Hearty thanks 
are also due to Mr. J. Kato, Kyoto University, for his helpful suggestion and support. 
The author is grateful to Dr. K. Koshimizu, Agricultural Department of Kyoto 
University, for the donation of 1:4-dihydronaphthoic acid-1. 
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Sexual Reproduction of Chlamydomonas as Affected by Ionic 


Balance in the Medium* 


by Yoshihiro TsuBo** 


Received July 18, 1961 


Among environmental factors inducing sexuality in a green alga, Chlamydomonas 
moewusii var. rotunda‘), depletion of assimilable N in the medium was found to be 
one of the important”), and furthermore, light appeared to promote the mating 
activity’). Although the mechanism of inducing sexuality is yet unclear, the observa- 
tions agree with the general conclusion of many reports in the literature, beginning 
with Klebs‘), that the presence of light and the depletion of nutrient induce sexual- 
ity in a number of diverse algae®-*). On the other hand, however, distilled water, 
inspite of its lack in N, does not make a medium more suitable for yielding abundant 
sexually functional cells than N-free synthetic medium’). Other factors besides N in 
medium must therefore be involved in the induction of sexual activity. This paper 
concerns experiments performed to reveal the effect of some other factors, especial- 
ly the ionic balance in the medium, on the sexual reproduction of this alga. An 
observation on the dedifferentiation of sexuality in a medium with assimilable N is 
also described. 


Material and Methods 


Organism: Chlamydomonas moewusii Gerloff var. rotunda Tsubo!) (used as C. 
sp. 24 in previous experiments”) was originally isolated by the present author from 
Japanese soil. The organism is heterothallic and isogamous; two mating types are 
arbitrarily designated as + and —. This alga grows on an inorganic medium M*** 
under continuous illumination (ca. 2,000 lux) with fluorescent tubes (warm white) at 
PA a 

Mating of cells and estimation of sexual activity: When cells mate, they make 
vis-a-vis pairs; two cells are connected with each other by a protoplasmic bridge at 
their apical ends’). The mating pairs swim for ca. 6 hrs., withdraw their flagella and 
fuse to form zygotes. Since sexually functional cells are morphologically analogous 
to non-sexual cells, the appearance of sexuality can only be recognized by the ability 
of producing mating pairs in the mixture of the two mating types. Therefore, for 
estimating the sexual activity, a drop of the cell-mixture was transferred onto a slide 
glass and fixed by a drop of acetocarmine, and then the frequencies of mating pairs 
and zygotes were counted under the microscope; a zygote was counted as: equivalent 
to two gamete-cells. 


In the present experiment for inducing sexuality, the following method?) was ap- 


* Contribution from the Biological Institute, Faculty of Science, Kobe University, Mikage, 
Kobe, Japan. 

** Biological Institute, Faculty of Science, Kobe University, Mikage, Kobe, Japan. 

*** Composition of medium M: NH,NOs, 400 mg.; MgSO,-7H,0, 100 mg.; KH;PO,, 100 mg.; 
CaCl,-2H;O, 50 mg.; FeSO,-7H;0, 10 mg.; CoCl,-6H,0, 0.5mg.; MnCl,-4H,O, 0.39 mg.; H;BOs, 


0.6mg.; ZnSO,-7H,O, 0.06 mg.; H3PQ,-12Mo0,-6H,O, 0.003 mg.; Na;Citrate-2H,O, 200 mg.; 
distilled water, 1,000 mj, 2 
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plied; vegetative cells of each mating type growing in medium M in the light were 
separately washed with distilled water, and equal amounts of each kind of cells were 
mixed together in a test solution of given salt concentration. The mixture was 
illuminated for 10~15hrs., so that all the sexually functional cells produced in the 
mixture could accomplish mating. The mating frequencies shown in the following 
experiments represent the mean value of 2 to 4 parallel runs. All the cultures ex- 
amined in this study were performed with a cell density of 105~10° cells/mi. 


Results 


Dedifferentiation of sexuality in the presence of assimilable N: As reported in a 
previous experiment”), when growing cells in a liquid medium were transferred to a 
N-free medium (M-N) and illuminated, sexual reproduction was induced, i.e. if the 
starved cells of each mating type were mixed together, cellular agglutination occurred, 
and a lot of mating pairs were eventually released; the growing number of mated 
gametes reached a maximum in about 2.5hrs. after mixing (Fig. 1); the mating per 
se did not seem to require light. 

In an experiment to demonstrate dedifferentiation of sexuality in the presence of 
assimilable N, illuminated gamete-cells of each mating type, obtained in M-N medium 
were separately inoculated into the following 3 kinds of media, i.e. M-N_ supple- 
mented with NaCl, NH:Cl, and NaNO; to a final concentration of 5mM. each. All 
the cultures were placed in the light. At time intervals, equal amounts of the com- 
plementary mating types in each medium were mixed together and kept in the dark 
in order to avoid further development of mating activity by the light’). After 2.5hrs., 
mated pairs were counted under the microscope. As shown in Fig. 2, sexual activi- 
ty of the cells incubated in the presence of assimilable N was evidently decreasing. 
Neither cell division nor appreciable enlargement of the cells was noticed during the 
5 hrs. Nevertheless, when sexually functional cells of each mating type were plated 
onto M-agar, corresponding to cell counts in the original suspension, colonies were 
produced. This finding suggests that, if the gamete-cells were not allowed to mate 
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and transferred to growing conditions, they could multiply as vegetative cells. 

Thus, it is obvious that the assimilable N inhibits both gamete-formation?) and/or 
mating of gametes. If the agglutination of gametes is supposed to be caused by the 
surface reaction of flagella"), the ionic constitution of medium might specifically © 
influence this reaction, for instance, by interfering with the surface phenomenon 
in the presence of NH.* or NO;-. On the other hand, the presence of N in the me- 
dium might have influenced the development of potential sexual activity in the cell 
on same nutritional ground. To elucidate the problem, the following experiments 
were planned to compare the effect of various ions on the induction of sexuality 
with that on the mating of gametes. 

Induction of sexuality in single salt solution: Growing cells of both mating types 
were washed, mixed together and inoculated so as to make a population of 10° cells/ 
mi. in each salt solution given in Table 1. Estimation of sexuality appeared in each 
solution was carried out after 15 hr.-incubation in the light. As shown in Table 1, 
sexuality in distilled water was less. Such cations as Kt, Na*, and Mg** promoted in- 
duction of sexuality. The depressing effect of NO;- on the activity of Na* and Ca*+ 
is also clearly shown. Cells cultured in solutions of a higher concentration (50 mM.) 
of each salt were also examined, but all of them were more or less injured. 

Saito) described that ascus- or ascospore-formation of Zygosaccharomyces major 
was induced by the presence of such cations as Nat, K+, Mgt+, and Catt, added 
separately, or simultaneously as van’t Hoff solution*. Therefore, the induction of 
sexuality in Chlamydomonas was examined with various concentrations of van’t Hoff 
solution. The same procedures of incubation and testing were adopted for the use 
of van’t Hoff solution. The increasing activity of sexual reproduction induced in van’t 
Hoff solution up to 5mM. might have been caused by the osmotic balance of the 
individual component ions. Therefore, the inductions of sexuality in various media 
lacking Na, K, Ca, Mg, S, or P were compared. For this experiment, 6 kinds of in- 
cubation media were prepared by mixing 2 m/. each of 4 stock salt solutions selected 
out of the following 7; MgSO., MgCl, KCl, CaCl, KsHPO:, NasHPO;, and NaCl 
(5mM. each). Fig. 4 shows that none of these 6 ions was indispensable for the 
induction of sexuality. The slightly less appearance of sexuality in the lack of Kt 
or Ca** might presumably have resulted from the ionic unbalance in the medium, 
especially since these two cations have strong antagonistic activities for controlling 


Table 1. Frequencies «%) of mated gametes produced in inorganic salt 
solutions after 15 hr.-incubation in the light. 


0.5 mM. 5mM. i 0.5 mM. 5 mM. 


LiCl 0 0 | Na;,SO,4 12.6 45.5 
KCl 19.8 42.1 | MgSO, 39.9 47.7 
NaCl 15.8 27.8 | (NH4)2SO4 1.4 - eth 
MgCl, 23.3 39.7 | NaNO; 12.4 2.5 
CaCl, 6.7 8.5 | Ca(NOs)s 3.7 3.4 
BaCl, 0 0 KH,PO, 61.6 64.8 
NH,Cl 0.6 1.4 (NH4),HPO, 0 0 
Distilled water 6.8 


* One molar van’t Hoff solution contains the following salts in 115.8 liters of water: 
100 M. NaCl, 2.2M. KCI, 2.0M. CaCl:, 3.8M. MgSOu, 7.8M. MgCl. 
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cell permeability, or for changing the physical state of protoplasm”). The follow- 
ing experiment also supports this view. 

Ionic interaction on induction of sexuality: The induction of sexuality was exam- 
ined with incubation media of various ratios of KCl/CaClz, KCl/MgCl:, or MgCls/CaCl:. 
As shown in Fig. 5, the degree of induction of sexuality, as measured by the fre- 
quency of mated gametes, was always higher when two of the tested ions had been 
simultaneously present in the incubation medium, the best result being obtained in a 
mixture of KCl and CaCl, (5mM.: 5/8mM.), and also in the mixtures containing 
various ratios of KCl and MgCl;. Although a similar increase in sexual induction was 
obtained in the mixtures of MgCl. and CaCl., the mixture was less effective in this 
respect than the other two combinations mentioned above. 
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Fig. 5. Induction of sexuality as affected by 
the ionic interaction (conditions of experiment, 
see text). 


Mating activity of sexually induced cells as affected by various salts: In the ex- 
periment described above, it was clearly shown that a high sexual activity was induced 
in cells incubated in the light in a solution containing ionic pair of mono- and bivalent 
cations in an adequately balanced ratio. To elucidate the possible effects of these 
ions on the subsequent step of sexual reproduction, i.e., mating activity, the follow- 
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ing experiments were performed. In view of the fact that the composition of the 
incubation media may probably have been considerably altered after a culturing period 
of 15hrs. (see above), the mating test was carried out with washed gametes suspended 
in a fresh solution of given composition. For this purpose, growing cells of each’ 
mating type were washed and suspended in a solution containing KCl (5 mM.) and 
MgCl; (5/8mM.), and incubated in the light for 15hrs. After this treatment, the 
harvested cells were found to be sexually fully active. The gametes of each mating 
type were washed twice with distilled water and distributed into fresh salt solutions 
of 17 different kinds (Table 2). After 3hr.-incubation in the light, the cells of the 
complementary mating types in each set of salt solution were mixed and kept in the 
dark. Counts were made for the mating pairs formed in 2.5hrs. As shown in Table 
2, the mating activity was found to be the highest in a solution containing both KCl 
and MgCl. The differences in effects of promoting and suppressing elements are 
much more clear-cut than those in the previous case of the induction of sexuality 
(Table 1). Here, the presence of bivalent cations with a single exception of Ba*t, 
promoted the mating, while monovalent cations such as Kt, Nat, or NHs+ markedly 
suppressed the process. The suppressing effect of N-substances such as NH.Cl, 
(NH,)2SO;, NHsNOs, (NH:s)2HPO,, Ca(NOs)z and KNOs; are also clearly demonstrated. 

To recapitulate, Mgt+ promotes both sexual differentiation and mating reaction, 
while Batt, Lit, NH.t and NOs;~ inhibits both processes. Such factors as Na+ and 
K+ promote only the induction, while Ca++ only the mating process. 


Table 2. Mating frequencies (%) of the sexually functional 
cells in inorganic salt solutions (65mM. each)* 
KCl and MgCl,** 72.5 Na;SOx4 5 
Distilled water Sho (NH,4)2SOx 0.5 
LiCl 0.3 MgSO, 66.3 
KCl 0.6 NH.NOs; 0.8 
NaCl Lo Ca(NOs)e2 26.8 
MgC 34.9 KNO, OS 
CaCl, 63.8 KeHPOx, 0.5 
BaCl, 0.6 NazHPO, 0.8 
NH,Cl 1.4 (NH4)2HPOx 0.8 


* Sexually functional cells of each ‘mating-type were separately cultured in 
each solution, then mixed together and kept in the dark for further 2.5 hrs. 
** KCl 5mM. and MgCl, 5/8mM. 


Discussion and General Conclusion 


One of the most clear facts reported in this study is the depression of sexuality 
in C. moewuii var. rotunda caused by the supply of assimilable N in the medium. 
The mating process per se is also found to be strongly affected by the same factor. 
Nutritional balance seems to make one of the possible mechanisms causing dedifferentia- 
tion of the gametic activity in the presence of assimilable N. In fact, when N was 
assimilated by the N-starved cells, synthesis of material for vegetative growth must 
recur, thus providing a physiological state unsuitable for mating. Sager and Granick’) 
reported in their attemps to compare C/N ratio of the gametes with that of the 
vegetative cells in C. reinhardi, whose sexuality was also shown to be dependent on 
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the concentration of N in the medium, that the ratio did not correlate with the sexual 
activity of cells. They concluded that induction of sexuality was controlled not by 
the level of total N, but by the concentration of some specific N fraction or com- 
pounds in the cell. 

According to Syrett™), when (NH,)2SO, was added to the culture of N-starved 
cells of Chlorella vulgaris, 75~80% of the added ammonium was assimilated, in the 
first 30 min., into the fraction of soluble N, and also into insoluble N, presumably 
chiefly protein. Although sexuality has not been reported in Chlorella, the circum- 
stance concerning such assimilating processes must also be the case in Chlamydomonas. 
The question remains open for future investigation whether such sequence of events 
towards synthesis of cellular N-material prevents the formation (or induces the ex- 
haustion) of sexual substances in the cell, and thus suppresses (or dedifferentiates) 
sexuality. Certain types of sexual substance have been demonstrated in Chlamy- 
domonas'*15), 

On the other hand, it was also unambiguous that cells cultured in the ionic un- 
balanced medium could not perform their sexual reproduction. A combination of 
mono- and bivalent cations as K/Ca or K/Mg provided medium suitable for the oc- 
currence of sexuality. The promoting effect of Ca++ or Mg++ on the mating reaction 
observed in the present organism was in agreement with that described by Lewin!’) 
in the type strain of C. moewusii. There have been numerous works reporting that 
the importance of Ca++ for the fertilization in various organisms!’-’). Inasmuch as 
Ca++ or Mgtt+ is known to induce gelation at cell cortex!”), such a physical alteration 
may take place, in the presence of these ions, at the flagella surface of Chlamydomo- 
nas; this will favor the contact and adhesion of cells at the tips of flagella in the 
mating. In contrast to the above mentioned activity of the bivalent cation, all the 
monovalent cations inhibit the mating reaction; NH:+ may not be an exception. 
However, the fact observed in the dedifferentiation-experiment would not have been 
due to the difference in the ionic activities between NH.+ and Nat, but due to the 
nutritional one. For, those media seem to be well balanced in the rest of other 
factors. 

As observed in the experiments for induction of sexuality, this process preferred 
K+ or Na* to Catt, i.e. the two processes in the sexual reproduction quite differed 
from each other in their ionic preference. Nevertheless, it was emphasized that none 
of those ions tested in the present study could hold the full sexual activity, and also 
that none of them was indispensable for the sexual reproduction; a physiological 
balance in the culture medium produced by the ionic interaction was an essential 
factor for the performance of sexuality. 


The author wishes to express his gratitude to Prof. H. Hirose of Kobe Univeristy 
and to Prof. S. Imamura of Kyoto University for their encouragement during the 
work. He is also deeply indebted to Prof. A. Takamiya, University of Tokyo for the 
kind suggestion in preparing this paper. 


Summary 


Induction of sexuality in Chlamydomonas moewusii var. rotunda, which was used 
as C. sp. 24 in the previous experiment, was dependent on the concentration of as- 
similable N in the medium (Tsubo, 19567). The sexual activity of cells dedifferen- 
tiated also in the presence of assimilable N. Since it was supposed that the inhibi- 
tion of mating reaction by N would be due not only to the nutritional, but also to 
the ionic interference, the experiments were performed to see the effect of each ion 
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used in the culture medium on the sexual reproduction of this alga. Bivalent cations 
such as Ca++ and Mg++ promoted, but monovalent cations such as K* or Na+ inhibited 
the mating reaction. On the other hand, K+, Nat and Mg**, but not Ca++ promoted 
the preceding step, induction of sexuality. NH.+ and NOs~ inhibited both of these’ 
processes. Furthermore, it was noticed that none of these ions was indispensable, but 
a physiological balance in the medium produced by the ionic interference, e.g. with 
K+ and Ca++, or K+ and Mg++, was important for the accomplishment of sexual 
reproduction. 
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Chlamydomonas moewusii Gerloff var. rotunda Tsubo (CistoC, ABT RAEHhhO N Fo 
REICKELTWSCLR, BRAT CCRELK. —H, N MOPEDS & SICA TORAKEDR 
B&LZbH, MAFTISREORRMMICHS4LOL Rbk. BSOMBARE UT, NRoOLoc 
AI LSE RBRVS DHS, HH, RAMRAMEOR MIC LOMRESOC, CORMBRIcH 
FOMROCAYELCOMBIFAS SZ SHAE SEV. COC, APR CIC OBMOAMAMICH 
FSEMMOEN THOT AY OFFAIZOWTLOEN TAR. EOMER, Cat+ SP Mgt+ OF 57 2HOw’ 
AAV EEHEL, K+ © Nat OL 57 1 MHOLOMEHEMIELK. Wic K+, Nat, Mgtt i 
AU REGS Veto ACF TER AL, ChicxeLCat+ dwHoOwBichHSL#ROENK. NH BLU 
NOs~ id, £ (Chad 2 OOF RMOVSFHE Shik Lic. SH, AKMICwCRASHEA AY 
OrItt, CNbHO 5 HEAD PVERAIT & > CHER R CHS LVI OOo, CORRBRM 
MENSEHIeI, HHO AY MALE, KEAIEK+ & Cat+, &S.ts K+ & Mgtt+ OL 5 FrH 
ABDC Lo CH USABLE AF CHSC LM bao te. (MAA REA yeas) 
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BUI!) AFP OBM RMR RRORAICEHS 
RRO BILD bSATAFEMME 5RITBAU, (ho 
TRBA> bAT FARE LY hi Lie. Lael, “4RRZ 
KeAATORRICMLTCH, CONCORD 
HS, ERD <, HAE COFRHOLOR 
RETCEMBCERMSKOTC, bolZ SHEL AH 
BOVWREA, Chitzx~at FRAY CARR 
fab 2% Ru 324 7TORROBA & HE LKITT SE 
igtsote. SHARAF ORARABLO Cit 
MICLYVWAWADHARMORREFICANSE 
LMCE, EK, RMARAAAZOPH/NPRRE 
DOORBRSE CEL SOKO, FOKBOME 
R—-BWSPICTSTELRCHR. FCOCTLE 
OBE RET S. 


His LUSK 

35 20 HRORERUREM 4mm, HRM 2 
mm, O/\&rRmeAAC, 10mm (E22) OFEHESL 
b, GE, ROAM ITH LCOS, Enle 
BETSCL ODS. AME CLOMAH, EI 
MUARISTA4E LTS ROMHoie. TEMITIE S~ 
9 WORF ERSE, REI 2 thr ob AE 
TC, LICMAROCMc HT dB. Riese tyha 
20 HOH bird, £05 BHO 2~3 Hit 
BRL BO Rh. SAH AALCRHRILABICI 


* Biological Laboratory of Osaka Women’s 
University, Osaka, Japan. ARAKTFAFEMS 
BA 


WS tll 6 ABE LTS. HMMM Crs HH Aliz 
AX MME RD D, COMEBMEERBVED, & 
DENS BE ORBIT UTS. BHO 
& Chad), CUMMRROW, Ete baw 
TEAMMO-DO ERAS OF RECE CWS (Fig. 1, 
I A, B, C), 
ERROMAT SIC LA, RELY BEO PMO 
DEBKE <, RE: MEOMP)S<teo, RR 
LRA ITARE BOT < S (Table 1). 4A HIA 
Hf] OBO ND SHE CORDS CELSO 
UO, CHIC >o CBRE CE CORBERS LEW 
HBECOOTSY S. FOL, MAME SE HT. 
Leis T 3 AORTEOR EH ITA Davie Feit D Ries 
WILE 0KS. COBMbSHBET< SWAB 
CRAORH OAMBALGH LBA ONS. ERIEO 
FES & RIT IES EMO 25 OMRH MERU 
MOMMROUWS. CLCEMOZNOI b, RE 
ICUEV> 1 LER HET 3 (Fig. 1, 1 A,B,C). 
5ALACh S LRARIRE ll mm, HE 8.5 
mm (bv & CHE URE : MEO (AILS Biz) 
&< 1.29 Off as (Table 1). SBP AH 
sv CHE LUTHAITREHML, 20690 KSO 
C, BH OFM OPRMICE CLP SH, 
He IMD SAREE ABRICi&S. RPMORM 
Hr h fe BRITE KS. HH, TERIO_EBDO 2 
Dt EEO <BILOOTRWO TC, BEBO 1 Xf 
OBR FDIC O CL eae Ie 
% (Fig. 1, M @ A, B, C). 
DBKRICTH EE LIERROMH OS b, belie 
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Fig. 1. 


I, cone in March; II, cone in April; III, cone on May 5; IV, cone on May 15; 


V, cone in June; 


VI, cone in winter; 
B, longitudinal section of the cone-scale; 


The development of cone in Metasequoia glyptostroboides. 


A, longitudinal section of the cone; 
C, front view of the cone-scale; 


a, ovuliferous scale; b, bract; c, ovule; d, vascular bundle; e, resin cavity; 


f, cataphyll. 


Table 1. The size of the female cone and the length of the peduncle in 
Metasequoia glyptostroboides. 
: : Long axis Length of 

Date of Long axis (mm.) | Short axis (mm.) | = tress peduncle (mm.) 
sampling Max.| Min.) Av. | Max.| Min.| Av. | Max.! Min.) Av. |Max.| Min.| Ay. 
Mar. 20 5.0) 4.05) #4759) 9255) 2.0 p2.25)-2.0" 208 e208 & T2kO ms hOL Or er teu 
Apr. 15 CoO Ne eO et. On = Oc On ean le aetopieoo ales jmeeas 

May 5 11.0 | 8.5 1.29 

May 15 14.0 11.0 iy fy 

Jun. 21 | 23.0 | 13.0 | 18.6 | 16.0 | 12.0 | 14.6 | 1.44 | 1.09 | 1.27 | 75.0 | 21.0 | 32.5 
Jan 36.0 | 10.0 | 20.2 | 21.0 | 9.0 | 15.4 | 1.71 | 1.00 | 1.28 | 90.0 | 15.0 | 12.8 


M4T SEBNIRICHEL THERE, PRIA 
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Fr DRILL FRE HO HARA IT VS re Ri XL 
Co CWS. MH OP RIS Fig. 1 CASHII 
Mr ORMBU < CHIRK LTKA> TiS (Fig. 1, 
IV © A, B, C #3kU V), 

TKRASTCR ICHAT SL GEL, MEH OI DSBA 
<- CORRODE 80 fAlCVyC LEXKAES 
jt, Table 1 OL45 GC, RE: HE O (HZ 1.1~ 


1.3 DhOMH$VER,SMor. KHL E < HEL 
7b DO CIEORO 8 FRITH UT SDS, TeDsITIE 
WEAEPOEW SOS Soke. BARRO IEE 
MO 2~ 3H eR CHBARERE 4 oKMBEX 
PRUTWSD, ENICR PMO 1 WIMMER bie 
Wb ORHoxre (Fig. 1, IV). BHOKREMO 1 xt 
OB H RILS < OBESE O Rot RROMH cise 
DRED, RRO FMIC HM 5dr SM EOS <td 
2xYHOLO CHS (Fig. 2, C). wc OR 
ERB OB BERRA CES, 2HOBERR 
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Fig. 2. Two pairs of cataphylls on the top 


part of the peduncle of Metasequoia’s 
mature cone (view from lower side). 


#6 
dies 
WO 


A, with two pairs; B, the top pair only; 
C, top pair covered with the cone- 
scale and the next pair adhering to the 
lower cone-scale. 
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1) FERISEAIT, HEME 70: 44 (1957). 


Hipa, M. 451 


tLo & OD KRICE YF (Fig. 2, A) ®, 2HHDS 
KEBOLO ED OPHN CWS BARDS (Fig. 
2, Be 
DEORMRIC ko CHRE) CHELLIS), 
AKRWAATORPeAA FT AAKSCLAATH 
AF ORS OB 4, Tirbb THES LORRO 
VyePdue IVT h KH, WH OR BAH Sa Cie <, 
HETE DM OKEBANL LC, DORIT PEVSSE DRL 
BUCOLS BEL, RECLEHIL EDK <KHO 
ABW XL 5 TIKRRITTE SRO] WLW. 
COCLI, RROKROMEDSATA B42 
A TILA¥FBA CIO LOED, we at7ra 
¥, eat FHAFITSDWTCLERT LOCH 
4. 


Mad DIC, MACRO CRRE Mb xeEKMKAH 
WAFS MO=ARBAICE < BFL LES E 
ER, HBRMHe CHS PP SokAASORH 
KABA SOIT BIA RICER SRT S- 


ak 


Summary 


When I reported about the morphology of female cones of Taxodiaceae, Metasequoia trees 
in Japan were so young that I could not get cones of various maturity. However, last year 
Dr. Hideo Takada kindly gave me these cones, and I made observation on them. The 
result is that the development of female cones of Metasequoia was the same as in the case 
with Sequoia sempervirens (Fig. 1), i.e. the bract and the ovuliferous scale can not be 
distinguished from each other on the female cone. The ovuliferous scale develops remarka- 
bly during mature time of the cone. The form of mature cone-scale is bilabial, whose 
upper lip implies the ovuliferous scale and lower lip consists of ovuliferous scale and bract. 
The ovuliferous scale and bract can not be distinguished from each other externally in the 
adult cone. These results suggested that Metasequoia is more intimately related to Sequoia 
and Sequoiadendron than to other members of Taxodiaceae. 

The top and the next pairs of cataphylls on the peduncle which showed no elongation 
of the internode attach to the base of the mature cone (Fig. 2, A). Mostly the top pair is 
covered with the recurved lower cone-scale (Fig. 2, C) and occasionally only the top pair 


adheres to the cone (Fig. 2, B). 
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Micrococcus glutamicus © @AcetHh HORE 
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HBB eetoscrewsser< oR LREL 
pee 
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RRM Hts KULBAE 
SE FABER: Micrococcus glutamicus % (i Ux L 
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Cig & elt, O.D. GEXA) (Alc kL OEARe 
WESTSL, trLAMYLUCHSBETSSHSIEE 
PRbdbF, COL IITHRIEK LCRA RHSD bt 
SZrkti, AMOOMKAREACES, Wet wo 
LUWSEOLMRLZI} (1#SIR). 

5 gaye hv ysawpLOyy aR by 

AYRE & TRAE D BK 

(1) 2=vBr by Vv ARMOBs 

a) EAFY Iyr/l Mans 

DoF bh UD ARM 1~3% = CH PIIC 
RICK, SHA IMTS. 3% CLEC 
FIM DIGRANS. 4, 5% CUIRAILOMA 
LMICLEMYT SA, HE CUS OH SAM 
PRLS. 6% WEMRMTSL, BRL 
45a.< ir, WdbS bifid bacteria H5)* SL, 
LOWMALZ =v Bsr bv ARMBOwA(I LS 
fr5. O.D. (ftk 1~3% E¥ CHIRKMLL, 4% C 
AMIE FEARL, 10% CBS. 


ITAGAKI, S., KOBATA, M., and KINOSHITA, S. 


455 


b) EAFY 1007/1 Yeon 
PrVBTbhVGA 2%MME CHM & Id 
TEST, Levy 2 MAIO URE CH SA, 3% k 
DAMITRAIEL, AIKDTMANS. 5% DE 
YRINOWES LO lt far» < fe 0, bifid bacteria 
WPT ANWS. LLP 10% Rink CLOW 
IED bie. 
O.D. {Flt RA(EL MeE-IzL, 
IT HY FS. 
(2) YY SHR by vy aryRmoBee 
a) LEAFY 1y7/l Yeah 
YY AHF Py A 1~6% MRM*ECU PHS 
SAE S. VY SBF bh VY ADEO 
HA DnIc LEP LCS AAO BEILIEAL, RKILO 
(AIL HAE Ga S. —H, O. D. fflkco wt RHiz 
WRIT L, BERORE{LE RS. 7% COIKOV 
ABD btrlt CD, RABI AMO REDS 
MD bNS. 8~9% LOAICRMeBCOL, AE 
RHICRAR, DIKMIO RERBD Sh, O.D. 
fEILV COL<S (ESS. 
b) Easy 1007/1 yRoneeHe 
YYABr+}V 7A THYME CARVER ER 
L, TRS 2 MBER AMA CHO, EA FY 
l7y/l OBBO SL < SAMAR. (KEL, 
6% DEVIN Lie % OidBse 2 ADS AAA & tre 
}). 8% YIN CAMB ARBY 5h, O.D. (Hit 
7% DEHO 1/10 WF LRS, CORAL RIZ 
RAR & HIKMMIORERBD NS. WE 10% 


3% YIM YO 


M2 Paver ryvApLOy 
Vt bY AYR Ie et AR 


vein | pk | oR 
0 aeeaye Yh 1D 
1 3 2 
2 5 2.5 
3 9.5 on 
4 10 3.5 
5 8 4 
6 7 7.5 
7 6 10 
8 4.5 10 
9 3 8.2 
10 2.5 8 


YOR F-4 


Ome ere wees eed 5 G7 es ee ee 1D 
PrVBF bY OK 
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0 1 2 3 4 5 6 7 8 9 10 
YU SRF bY O96 


SOM Paver bhvvsaweLOvy saws bv ARMBLERRIORMRL OB 


(2 BBS). 


1) O.D. fiiixHeHeMe 10 FARE CWE LZ. 
2) SRR ES S/W CWE LK. 


3) RAS 


4) o——0; 


Alt wd4 F4RE. 


WME CSAP Ch S- 

ZOOL, VY FB bv vy sRMoBwas, 
P= bVIASRRMOBAITASHSTE 
x bifid bacteria He Bw7rv>. 

PLDT <, HHOBRG LBRO tNe 
HOMOMRiNg & HERES. COBLER 
235 LOS 2 MlCm Lie. 

6, {RICA Mas LOI Ma 2% & OTK 

(inoculum) DBBCHSzLICOVYT 

QJrVBFbVGAHSWELV Y THB PVA 
REMOTE (MMT SRL, VTPR, Hk, d 
Als bifid bacteria (PJr>vMr +} yVs.ABER 
YWMOWS) DERENS. COMRI, MIccoo 
L5H AA ET COLAHA LD SHSHMO con- 
taminant AHR ULCHKLEFLSNMELGEE 
V. CORPHRICT Sted, TR, DIKMIoOB 
HERR & Fi 7k 2 Tee 

titbb, EAFY Ir/l, FovBrpyys 
5% YeInesHIC M. glutamicus 582 &#3EL, 4h 
R, MUKMIe BRIE, cheerFv 100 
vl, 7=vBsr byes» 0, 5, 10% YRInBthI7 zB 
HiLic. $2, glucose bouillon Pies oS 
OPTIC YSN Lice ¢ AROVRE mF It Bo 


tary 1ly/l seh, B: 


Easy 1007/1 HEH. 


fe. thebbesasFy 1007/l, 7=vBrhyvy 
A O~HHbIT IVT, WIM Le HRs LOAM 
AUNETHENFAL, SISTA RABRACES 
TA Bot. EKEAFY 17/l ORGMITIML 
TBA, No-N AH Paz hFI71-ICLYO, & 
Hhrhiz 10~15 mg/ml OF Ve FY RBReEMLET 
LeMDOE. CHOHOTLIY, (PR, AikMials 
MMANCRAAKCOLOOWVRALESATIWC 
HAS. REM Ze aE LH MPR ele Lk STR BIE 
DERCHAIR, CORAAPRAECHS.- 

7, Chelating agent Df 

J=yBrkLuyv aBit & 4 lt chelating 
effect FLoTWSOC, CHOOMMCLSaAF wr 
RIYRBEEROWR, AIMOCL SBMA, 
=® chelating effect IC LAWAEMEMHS. FEC 
EDTA YmRRe RAT. 

EAFY 17, 1007/1 MMA wee 100 ml ix 
L, EDTA # 10-!~10-6 mol ¥inL, glucose 
bouillon Aisee Mr, COA, BRA eI 
Lic. 10-1~ 10-8 mol Ronit BAIL E oie < HB 
HObHiry, WRITS AS HEO THE Rok. 
10-*~10-§ mol yRmowWAit, EDTA fReYRMO 
BREWS LREA—-O“AB, BRELOL 
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y Kae 

Sisib, EDTA © chelating effect ji, AEH 
OPP REAACIT IL — EAR HSER bere L ES 
£5. &64A, CMD2LR}OTI ZY RM bY 
DVadbovwts) v tHF bY Y A O- chelating 
effect F—-PMICHETSA LICE RW A, HE, 
Syiikic E OBE, 2 [VB bv AHSviIEY 
YAIRI }VY SA ORMWWREELEAREMC 
WLTEV PEA 3 ds. 

8. AIK MIO RIT 

(1) Septa DR 

EA FY SRO ev AR ev Clk, AE 
RS MMKETRL, EAFY RERICHED SH 
(LURIS AVIA O KE CHEAT ST LILO TE < 
CHER, DPIRKMITSAE7=Y BF bys, 
HOvILV Y AB DVO KERIO LBA EF 
FY 1007/1 DEL < SRAM LTS SAMAK L Te 
H. TCOTLseMMRRE BLOF TLIO 
brChS. COLI RABE LEW TERO 
FSI MMe MASTS CL Ab, AIO RIE DHE 
SHS. thdbd, WokASAMBKE ERM Lte 
Dd, SHMBAKOPO AM MMIOKE S2AAB 
OL, DIRE LTRHMLT<K 4S. COLSICLCH 
Re&nicHikli, HEBERT SL, CORAM 
LORICIREES TRL, SOR RMITAIKOB 
RSM (B< OBFR2~ 3 Mle) TLOBS<b 
HSzLIRS- 

L&L, 7=VBr PIU VARSRITMMLEH 
PLS MK Ltk7e FH, 2 Mao bifid bacteria 
HRABD CHS. cOKwCBOMAls, 2 Mow 
SB (ROM) LO, EDSDOM, HSvts 
WAC Mla (COBStTLBICHS) BOSWNTH 
WAIKEMHT. COBO SBE HSA, 
SPIT REDIP RAN SCLILEN CHS. COLE 
FOhOSERBIMICLH LR. 

(2) RIT OVYT 

FWRI SX GRAIL, WTHICLT 
bw BHRAEECHSNb6, CORAKOAF, 
FWRI ELASRCBBEEZSCHAIAT LIA 
Mic#e< we. Lie Bot, FOMMBROAT 
bt, TOAMHE, HICK, HSvVILRTR 
4% SHAE MYRAEW CHD 5. COLE 
He & SMS SV 1S HR Ml OE & BIE L 
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TS 

a) Puy 

2=/EBF bY 7 a YR CAE Ute HE AIT 
SUCHET A SBR L UCILEH 20, 21 ic LB 
TCEESRPAROBMBRDHSNSCLCHS. = 
DL ITCBORI Spirillum i3sv~ CLITA 
LS ONSZbOCH SBM, ABI VY ClLGERBY 
britBorebOt, Hoalt7=v Br bhyuyasa 
WMOVBCHSL#LAbNS. COBMCoOWw Tk 
BRIT IV CHMIT ORNS FECHSO6, TOT 
aM SITE "UWDS. 

b) wm K & 

TERE Ed Cli ad SD, NSW AROMA Milas 
IC-P-CAPBMANCIGA CU SBERBD SNS. TO 
HOw, 1 Milder 1 EFT SLOD, HSV 
tL 1 MUAH 2 HLA EAE ZES S 4% ODI AR WC H 
B- MBOPWRED EV CHOARABALESOD 
CHSMEELHSB, CHO ARWRE Liev 
(FE 22). 

c) BK KB 

RM, BOVIS WMT WV TIL AIT HR 
Vig ADL ITAE <, CORBDITHIBAT ARR 
PETS. COR MMA EET SRILITAKE 
VGKE BST SEODE CHS. Lael, Enicist 
BAAR IT IT AE VDE A CHES SBE 4S HB 
ob6nS (FH 23), 

d) AIK MID 

Fy IBCVE HAPRNT ILS Etre MG LO PRIM ANS 
ChAT LAX. Liceio tt, TOMBAO 
DAB L TAIZ IE TUS CEMA CH 
4. SHIT 7 =v Rr hve sa 5%, Vv awh 
VY 10% YHMOTL, AUep2as7e 5 (HRTF S 
REP Cs, FIKOKMS, HLOMMCBISLA 
PICMADBMICLOGPBLC< EOLER HSH 
B. FePEL, ENICIAAIKE IM Lic Mia ORI} 
BUPICEOEEDIKHICBAL, FORDITEO 
MDMEK Icio CLEABAbMS6NS (FH 
25~ 27). 

e) WS mM BK 
AHMOPIKUMOMTIL, ETBRENITS, AA 
Wich bifid bacteria HAARL RSL #ebH 
4%. Bifid bacteria WitH1 MIT hmLEKTES, 
HOME LOACHMBE IS. Lictiot, # 
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Hig’ bifid bacteria HKOSDSIC(PRLECLE 
WRB CHE ZIT LUCHA DAME SNS TED 
bS (FH 24), 


= & 


1, (HEMI, Sd SV EA HAS contaminant 
Clive & OFEW 

PeVBFhVGAHSWILV Y TBF bY! 
RMRMPtSC LIC Lo CH MSaN eR AM, F5 
ICE ANTE Y OF REO Hilla contaminant c 
lite <, PRB AOWRAIE CHS cL ORMILE 
EBGHS. EORMMOLELT, CHObOMer MZ 
rw DSOCOLIRBBEECY, MAKBEI 
DoTeECS. Lal, CORSA TO 
LITRE COLE L1 SHSMORBEBAL 
CXEERCH oT, COLD PR CHIAKOR 
WEA LEVLEZSCLYRMAETC I SS. Lads 
L, WIPRO bICINCKERES, PTR AIE 
TEBASLHScCL Ab, EwkOS = < contami- 
nant L+#4$#zZ 56744. RHOZEL 
Chd, MAYR ONE CUMS nt RA Mia & MIM 
FICBTCLICEYO, FERMN CHL IRtH 
CUO SHIT AT IBRRIT HIRT ST LERDTH 
HS. SHICHZLUT, HRMt 7-2 vB 
A MAES REL CHSTE, HEMDFONS. 

Lal, Dba CL SHES, BASS L 
LORY RokhER CHS b, REM AEM Lit 
TORE. COR WMITI, WB BeRIT L YO MH ~ 
D ANDO VE AEC HS DERHAI. FOF 
HULA DERE reicU<S.- 

D=VIBF bY y AYRANE SH CHEM L te lk AN 
®& GPM HuhiCc az 4 FREREL, PAR HITS 
&, HOBBS SITHRE PIT, PACHA* BM 
TS. TCORWOET LATE YO BHO L} Ch, 
wn Midd» 6 Avs CBS LV DIPCHE<, UE 
DIZSITFABIELUDS LH CHS. BK ULTELU 
BBO MGT LAG CHS 2s, AMEE 
BESDCHS. CORT TILA SITMMTRH 
& lI TVS OCH RS Lev. 

WEOCLEBALO, BRRICBV CHES AIM 
Ate fp Mla, HSViPUMals, 7 =v BH b 
YVOAHSVILVY AB bVVATLVOOR BE 
Shc M. glutamicus FIL UDLFSIA NHR sv 
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Wit4: EHO BBO—-OLEATIW CHAS 5- 
2. EALAIK 

MMORA, PikisU MRCS LIC7=YB 
FRVGYADSVWILY Y TBF PVD ARMS 
L xii, BbhiCc HET Ss ROKML UCORAE 
Ai IT REAR ECHO, OD. (etLFP RICE 
WW. Chawbbot, RAL Lie Migsylc ia 1.8 
#4, BS 1 pe DEChBTSCLRHSS LU, 
EER AKOKABADICBUAR LTH STEER ATS 
DEVAL. DMKOTLERHICHERYI AE 
RUCKER LCRHMITCBTOCLITIYO, tne 
hice CkKeEALBBRERT. COC LPS MARM 
CLOEUCSACOLI EVRA BHEELO 
ChELFZIS.- 

3, ITE RR 

FP I MAGILS Clow te L ICSE HK LO fe 
S. SMlako pelea, ZOERSEELT, 
HA ko TIRE LTRHTSSOOLFEZ HSA, 
FEE AML, RIT IAAT HS LEITH DMD 
bbT, BMANSAIKGIEE 1 HOATHSESE 
& (IC 7 =v BF hI VY ARMOWFA) ABET 
hS. Efe, EX UTHRADMAITBHETS RO 
MOR CHS. ES AMM OMRBELIER DBO 
EMIT IER Shr S PRE L LPH AITTS AB 
BIATS&DLESZbHNS. thbdbd, EXABWO 
PICTUS HS REL EOMALL OK DITA, 
AMET S KT LPRABWEERCHSER, EAFVYR 
ZARB 7s YE CHR Sic Z MIAO MaBEL, ABI 
LAME TS, Ds7e D GRIT MGT we vy So 
®. Lieti. CHIN CMA Nic Mllatk © fi BE 
SOOLS RMB7 LOCH > CHAI AHE Lie 
Wt, CO RICHES SNEAER SISHMHABR 
TECLEESV I SLBEZSHS. cO#KZRHUS 
1 ica Lie bifid bacteria WO RMArbLdaSE 
HERES SNS LBdnS.- 


Ea =| 
Micrococcus glutamicus ®#ILUMLPST VE 
5 V RBATE ROTRRALIC OS AN L, Apteetheh 
7EVYRFbIVVSHSVWILI VY SBF buys 
EMMTSTLITEY, WSUS LW BAONAH 
RL AIKOURME ALT. 


October, 1961 


ll 2=VBr hy) 7 AMM 


3% YIM KO PIROVUMABd bie. 4~5%lr 
SHINS S & SSI AUIRFB RIT AE L eS. 6% DLE 


W7EVIBF bY YD AOMMBE MMT S & KIS 
f8< Tr, \Wd'S bifid bacteria WEEP SICH 
S. 

2. YY aH bh yy ayRI 

7% DEYMTSE LITE YO UATE MANS. 
La2L, COBBSAMAOBMLAMABR Ot. VY 
tHE bY Y AOVEM CIs bifid bacteria HOTFE AY 


x 
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II 
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371 (1959). 
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459 


(LIB BAe. 

TOL 5 (CHR LIMA MISS MIA Ch Y, 
SRE HR LEAKS & eRe k OURS HT 
VS. 


Mix Chee, CHB EMRE RRARSBEH 
fick, RABGACIR HE MEREE ICR < RE te LE 
>. Efe, RRICCMAS KS oeMA NRTA 
CRAB LEFS. 


fak 


3) PER IEER - 
4) Webb, R.B., J. Bact. 


Summary 


Observation of morphological changes was made in Micrococcus glutamicus and other 
glutamic acid-producing organisms cultivated in the synthetic media containing Na-citrate 


or Na-malate. 


Elongated and branched cells were formed under such condition. 


1. Addition of Na-citrate 


In a medium containing 3% of Na-citrate, formation of branched cells was rarely 
observed. And in the medium containing 4 to 5% of Na-citrate, branching of cells appeared 
markedly. However, shortening of branches and simultaneous change of cell shape into 


so-called “bifid bacteria form” occurred when the concentration of Na-citrate 


to 6% or more. 
2. Addition of Na-malate 


increased up 


Branches were formed when cells were cultivated in the synthetic medium containing 


7% or more of Na-malate. 


In this case, however, majority of cells were lysed. 


“Bifid bacteria form” was not observed in the Na-malate medium. 

By Webb’s cell wall staining method, it was observed that elongated or branched cells 
were always of multicellular form with several or more septa. 

Spiral, large, point-like, and symmetrical nuclei were observed in elongated cells by 


HCl-Giemsa nuclear staining method. 


As the branching of a cell proceeded, the nucleus of the cell was divided into two 
daughter nuclei, then, one of which moved into the branch. 
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FH wi A 


1. M. 560, glucose bouillon #3, 4ARSAIGCH—ChS. 

2. M. 582, 7=yH#rbhyys 5%, 

3. M. 560, VY SMe hYYA 10%, VSEUSLYVAHORD, MEAMHSEK<. We 
IC RCO AUK % > Fo HMA AD NS, 

4. ALL. (ERS, KT IRICIER. 

5. M. 560, 7=>v fr bY YA 10% YEN. Vd bifid bacteria He BTS, 

6. M. 516, 7=y fer bys 10%, bifid bacteria HOMVAIMAASNS, 

7~13. M. 582, 7=>y@#r+by) ys 10%, bifid bacteria WMfa kL OOAIKE LOS, Muir» 
SREP LIELOETC, HITHE, BL<SMAAM UMA 2AM CV SBSEHS, 

14~17. M. 582, 7=v RF bVYA 5%, YFHAIK, POMRLKEEDITISMERRDSNSS 
LLO, PKS MLLSMaLoORScCeRmMbSNS, 

18, 19. S-l, 7=vBrhyuys 5%, THHRBLOTFBOAKE LOT. 

20~27. M. 582, 7=>Y Be bye A 5%, HRP AR lc L SRR. 

20. FevReELOT, 7evBr bys 5% MMHG, COLIRMAFHyY RESTORE 
AIC UL THRO SNS, 

21. KHOADBICHMA Lie 7 VK 

22. IKK, 

23. AH iA, KHWORILASW A, BICCOLdDICKHRMBARICMECLEDS, 

24. fGv> bifid bacteria WO RIC Is\ Tk, TOMBOTL<, BRhGHBCHSA, Cricisw 
LEBACA LN OMMKE LOLE, 

25. SPI MOK. FTIR OMRICIC RAGE T SB. 

26. (HES Leu RIC HAI 72 ABD ONS, 

27. FIKOKIL, COPMIORRABL TL > Tl << OPMHCHSB, HICHWe, LO¥ 
EDIKOAABH UCL EM, BARSS. COLA TRITIAAIKORCAMROREICES, 
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Penicillium islandicum Sopp. ©2848 
FN TRIT IST 4 fa REO TER 


4g 7th IE gB* + 


J Ee a” 


Masahiko KIKUCHI* and Masaki NAKAHARA*: Sequence of Pigment 
Formation in the Mycelia of Defective Strains Obtained 
from Penicillium islandicum Sopp. by UV-irradiation 


1961 427 15 AS ht 


22% 1-8), RXic Penicillium islandicum 
Sopp. D3HARECBITSAAKEKROMEE HANS 
TeHCLST, FY bIKIYRERHAMO AR 
Wee OL, RAOK 2D, —MOPBELKR 
WWE, (RIERA CHS & O fel LK. 

AMC, AARNE Lo CH bn BRITE 
GEEREEOAMRE REL, bbe CHKERO 
4: RAUEBRIZ OV CBE Liev, 


M#ds EOAE 

BR: CORI Penicillium islandicum 
Sopp. NRRL 1175 3s kU! 1036 OM He BY 
ey 

Begesk, Beek, FOIE: BAe *) Xie 
BeGHS, ink, N-A-7AewbFFALOAR 
OPEL, AARP OBIES HF Lie, 

FEO ERIS LRROPEHA: SP 4B FORA AREA 
ed oD UCOREDM No. 1 FHS 2cR, ti 
4D IF HK (1~3x104/ml) (2 FH CHEMO v + 
—v (f& 6cm) ic 10ml FoOATE, fe AC 
Ste RE, 30cm OPH bt he 7 v7 (15 
W) CERES ORAS S (FRED NCD 5 By 
at). KG, Bvx—-vab 0.5m HTL o 
Cech ABER, FEA LIBRO I bib, BE 
LB SAR CBRE AT ARE MKC Lo CRE 


* Botanical Institute, Faculty of Science, 
Tokyo University of Education, Tokyo, Japan. 
RRABKLERS ESR 


lees 


RRs kUER 
1. kk NRRL1175 cov coe 
FipSER: = SEIBLO A WITs FRAT] & FS Fee 
C, FaFORMEY (15,370/ml) (COV ChaFO4 
fF38@ dS 7e [Fig. 1(a)]. CORMRD6, ARR 
Hit 10 HUIWNICPHSRXCL Md 7, 


a: Strain NRRL 1175 
b ; Strain [P-A-3] 
c° Strain [1—8] 


S 
2 
ey 
3 
2 
E 
n 
Time (Min.) 
Fig. 1. Survival rate of UV-irradiated 
spores. 
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Table 1. Defective strains obtained from the strain NRRL 1175 by 


UV-irradiation. 


Mycelial pigments* 
Strains Medium 3 : 
Chry Emo | Eryth | Flav Sky |Oxysky| Skol 

CB) Complete + + - + at se af 
(P-21-2} ” + - + 4 + = + 
(P-A-3] ” + 4 = — + + ne 
LE-J-Sion| ” = iT w m= Ai + + 
(S-k-1} ” a i + + + + + 

(56) os a “its = — 2 a ae 


* Chry, chrysophanol; Emo, emodin; eryth, erythroskyrin; Flav, flavoskyrin; Sky, 
skyrin; Oxysky, oxyskyrin; Skol, skyrinol. 


COLIC ECHHELK MRI Table 1 O43 
0 CHS, 

CHOOT, TERE 3 ~ 4 (LORE 
PERC, HETSBRMAIILAIEMASN I 
Poke, 

(P-A-3] FROMFADRARIRH: Pie ERD> 


bHbint (P-A-3] ROMaF Ic, SGICKIMRE 
fast (1, 2, 2.5, 3, 3.5, 4, 4.5, 5, 7, 9,3 
DAD 26,000/ml OAT Re) L, —ARBOB 
Meat 35 ReEDREL Ke. 4 F386 ld Fig. 1(b) 
mA Lic, wees, A—RAT CHIC 37 REDREL 
7 


Table 2-a. Defective strains obtained from the strain ([P-A-3]) by UV-irradiation. 
Pigments* 
Strains Medium “= 7 
Chry Emo |Eryth| Flav| Sky |Oxysky Skol 
(A3-1] and ; ; | 
other 8 | Complete + + os = + ah + | 1st generation 
strains 
(A3-4] and 
other 4 ” + — SI + + + 1st " 
strains 
[A3-19] and 
other 10 ” — _ — _ _ - _ Ist " 
strains 
= Y S(O) Fel a0) es |) ms = ar at — Vieist " 
Sa ng — = el ee + — rind =e 
other 3 ” — — + — + + — | 8rd ” 
strains z. z = a e x + — | 4th , 
" = = = = + ao — | 5th ” 
(A3-21] and 7 
C oe 9 ” + — ~ + + = | ist oe 
strains : ~ a 3 = p 2nd 7 
Longe ” — = = “tis =i t+or—| Ist " 
" = = + + — | 2nd ” 
[A3-24) ” = _ + + + |38rd sp 
: oe 4-4 — [aot Sjote-s lessee 
. ae = = = + + — | 2nd 
(A3-22) ” — + - _ + + + | 3rd : 
if 7 + ~~. | eee + + |4th 7 
uA aa Tr = — ae 4e + 5th " 
* Abbreviations: cf. foot note of Table 1. 
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Table 2-b. Defective strains obtained from the strain (P-A-3] by UV-irradiation. 


’ Pigments* 
Strains Medium ‘ 
Chry | Emo |Eryth| Flav) Sky |Oxysky| Skol 
{a3-3] and | — ; pes ir io ' 
other 3 Complete + + — — a ae ae 1st generation 
strains J 
{a3-5) z a zh = 1 + + ea lst 1 
" + + = + + 4+- + | 2nd " 
(a3-1] and = nade 5 mene ta a 
other 15 " = = = 1st y 
strains ‘ : 
3-11 uf —s ~ = = =p — — Ist ” 
{a i 7 aa _ = = ab = ae 2nd ” 
= = — 1 - = 
[a3-8] ” +or— | — - oat es - — | Ist ” 
and 1” = — = == er a ai _ 2nd Y 
[a3-23] y - — _ _ + + — | 3rd " 
{a3-19} ” +or— — = = 7 ah + | Ist " 
” —- | = + — + + +.) 2nd op 
and - = om ah wt re a AE 3rd Y 
{a3-29] 1 — = + — + + + | 4th y 
y _ _ _ _ + s+ = Ist Y 
oe ” | — 4 + + | 2nd " 
[a3-18] - | deol + + | 3rd @ 
" —- | = SS + + + 4th ” 
[a3-6] and ” $ oe = - + 4+ + | Ist ” 
other 2 ” _ Be ae = a Hs Ls) Wand 7 
strains " _ + | + _ + | + + 3rd 
* Abbreviations: cf. foot note of Table 1. 


CAB OERIT OV CHER R TRV, SOBK 
APOE MARR RE, LiCh Table 2-a, 
2-bitAL. ChHooOKd, mH, FA 
DBbHS<, 7 ~ SWHAChEARe EMLRDTIe 
OC, CEhh ke CHBLE. COR, WARES 
it, BADGKREELE DY THSEWOG, Srolk 
beg bIC KOR, EK rcls Me & TT Te > 


Skyrin, oxyskyrin, skyrinol (z, (llOfasic 
HACE bDTHETH), COZ HAOHRAAE 
AHk, skyrinol &xK <3, skyrinol & oxy- 
skyrin LO 24% <4, skyrinol, oxyskyrin, 
skyrin D3 Hk K< BS (COMP, WT VE 
J&%S) EWI LI, REAR BAS A 
Lizewst, ©O3K4lt, skyrin>oxyskyrin 
+skyrinol OF CHIBLL, Lae © OA BGRERA DS 
ERERTLOL AL ONS, 


cCHICKP SH, tiebd, skyrin O42 n25 


TW ONLO 2 BMA SNS Ld, oxyskyrin O 
4p Ai7evOlc skyrinol P4EMSNSLWI LI 
TEAL, Kok <AbHNKDoEK. 

4i3, chrysophanol, emodin ts kU‘ flavosky- 
rin (LAARITH UTCK bY THEE CH YD, BD 
D, 3#%ofihicd, skyrin t#eicAbhick 5 fe 
RRM HRM ALAS, Fem UC HRscHIIC HB 
ToC EMbDPoE., 

*7e, erythroskyrin OAR K< BE ((A38-4) 
Kirt) OHScTLUM, COBRB7T Y bIF7Y 
XL EPROARMMMB wo LeRLTWS, 

COL MICMATREC LI, (P-A-3) Hit 
erythroskyrin, flavoskyrin &K<IChMAabDb 
+, ChpbilpnrERRomiclt, tnb5ee 
PETS EDI oRHMBAW RENEE CHS. 

(56) FROME AD IHR * Table 1 ® 
[56] HRONUF ICR E RN (1, 2, 2.5, 3, 3.5, 
4, 4.5, 5, 7, 94, BORO 14,400/ml OAT 
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Table 3. Defective strains obtained from the strain 


[56] by UV-irradiation. 


Pigments* | 


Strains | Medium — — - —— = 
| Chry | Emo |Eryth| Flav | Sky Oxysky Skol | 
Pee) ee Complete / + | + + + + + + | 1st generation 
[56-6] and ro alae a a aA gies ee . | 
‘other Sistraingh "| | tS) ee 
[56-2] and = - = +a ry, i 
other 5 strains . ee a) eee | Ist ae 
[56-1] and ” oe i a —@i}\ tet ” 
YA —- | =- — — + + oo 2nd y 
other 7 strains | ” — = = = Bhs 3 =F |r ” 
| =|. a |_| ee 
” = = _ = + = — | 1st ” 
(56-43) and ” = + - — ~ + spe ofi2nds: 
” = = - - + = +4|3rd 
other 4 strains = eis = & = +) +) 4th ps 
” = + -|- + + | +*/5th 
(56-46) |= | +) =e ie ped = allot off 
” + - + + + | ist ” 
(56-61) foo et — + o + - +2 )2nd. 
tf = — = + + | — | 8rd ” 
= == '- = —— = . J —— 
| | 
Z “ * = * a + | + | Ist ” 
(56-67) ” es — + - + eb 49) Dade ote 
| ” - - - — + Tj re ore ” 
a ae - 4 | det) taee 
(56-42) ” sale ie: ab race as te ia + + |2nd 
’ + [| | pan + | +%*|3rd & 


* Abbreviations: cf. foot note of Table 1. 


Hm) UC 80 KeEAMEL ee. DHERO SESH 
CO fA OPE (Table 3) icv» tk, Table 
2 LAROMABABNIE, 


Ss FF 1 

(P-A-3] #e [56] Lid, LSle erythro. 
skyrin, flavoskyrin #4276 L7rvs2i, ZHoEO4E 
AUC ESBRROMNCI, flavoskyrin % 4:74 
BLAIR 40% (Table 2), 2 pvt 
ABROL TITRA 28% LAB, AB 
FRILL FANFIC K SHEA e FT OT, 
b LAREBMIED KIMDURFRAERIZEZELO 
ESM, DAO AIC Ist 5 BOMB X bw 
THSUILP CHS. Lretio tt, [P-A-3] RE 
(56) #+ less} erythroskyrin, flavoskyrin O 
RYU, FRIRIC L SFO HMA OBR HE 
DO KNITEBALITIAT AE LOLBR EHS, oh 
DDO BIRE AIR CHAT SLE, BHRARAEO 


iB E ISLAM AEST SRA SHER, CO 
RHE fF VNILGEO Rik d SMB Ch dS. 

Skyrin, oxyskyrin, skyrinol © 3/4, 2k 
ICM LCXbwDTCHKECH YO, Ete, MGI LE 
2 C3 HORM HRBAR4S LDS bine, CN 
tt, skyrin>oxyskyrin-skyrinol MER AALS 
bhSLVW5 RA OR) & RET SEL OCHS, 

— Jy, chrysophanol, emodin js kU flavosky- 


rin OBIT Cd, IHRE ADRS HORER - 


MRPSTSL, 2BRENTHMwVHICeESH 
SCLMMBMICI ok, 

BOtThit, AARICROS7TY bIe/7 VER 
AOA MAIER, Fig. 2 OL 5 feheskic ko TC 
MTFTEMCES, 

ets, $-Cle erythroskyrin (k7 v bFIFIY 
AR LUITOAMIC BV CHENOMRORWTe 
eM ea"§), SMOG RS Eoie< ROTEL 
EARLS, 


v, 


i ie i ith et Meee be ie be 


= 


October, 1961 KIKUCHI, M., and NAKAHARA, M. 467 


I, He NRRL 1036 sv. CORR 
NRRL 1036 {RO fEFAORIMRRUN: = SER 


Fig. 2. Hypothetial biosynthetic scheme of 
pigment formation in the strain 


RRL 117 HE 10~15 HOMWFICRAOIR (1, 2, 2.5, 
$ 3.5, 4, 5, 7, 10 4, 3O%8O 11,520/ml oOfaz 
precursor—+skyrin Tyan feat Be Sy, EE S 
. 4 ABW) LC 4 REDMEL, THENES, Bd 
—>oxyskyrin—+skyrinol J Pathway Py, 
myst E Chae L, APETSAROMREHRLE 
precursor—+>chrysophanol c= 
oe: subsidiary feRe Table 4 icmLie, 
precursor—+>emodin F , : pet: 
pathway Skyrin, oxyskyrin (44%,  islandicin, irido- 


recursor—>flavoskyrin 2" J , 
P y skyrin (x rubroskyrin, luteoskyrin k 9 bE 


Table 4. Defective strains obtained from the strain NRRL 1036 by UV-irradiation. 


aed Pigments** 
Strains Medium — ee ae eS scl x 7 
| Isl | Irid | Cat | Ery | Lut | Sky | Rub | Oxysky) Spot-j 
| pate —| —| — ——|——— - + es z 
CM or + + + A ee aie 4+ | ooh | " 
(1-8) M.M. | — =s Bs ae 4. a ~ a (us Ist generation 
* C.M. ze ae + | + + + + + lan d A 
M.M. | = = ? i + + - is 
Pe C.M. | + | + | ? + + lot | + os 
aie the hoy Galo ee ae ek 1st ” 
C.M. a aes Pages net + + ae 4 ls 
and | M. M. —- = 2 | + ae Be = se S \ond Va 
£5 C.M. Hrgaleo sh a 2a = + de oe iS ! 
sR el mlm i ier ek i _ (|isrd o# 
ae abke tale fc|akoooa rt biapietaths ae 3 gabon 
and other, M- M. ri y a s 
SC) MS HS tee heat WO eS) ty) teal og ” + \2n Alot hs 
3 strains | M. M. =F Gs = of i + te AF Ar 
C. Mz + a 4 i = + - a ae 
[3-19] M. M. no pigmentation occurs Mist M 
SSO mie eee OM 2h Sin) lla Lt Oliot ae. 
M. M. no pigmentation occurs 
C.M. a se gre | Be aE + + + a list j 
3.5-13] M. M. no germination occurs 
lee C.M. | + + | + | + + ¥ ql pe Jon oteat® 
M. M. | no germination occurs 
} — |_—— — —_—- = S| le —— = ————— ee 
C.M. = ae t — a s tae p 
Ree dhiade tty Adtsayshousbap=as oft a cpt aubibyg doenls 
C.M. u Jana 1 
M. M. a oa ae aE f 1 — + s 
Se Ss ps 4 is = ae wee list ” 
"3 16) M. M. — = = 4 == + = or s 
ag COM nt ele eld = wih Tedd © ula biel — - 3 Jn Laing 
M. M. = = = 45 ae ie _ + s 
Jc 0 ode el i ch la + Pay ic | 
o27, MA M. + ol ze t =f + = we ts Ist y 
C C . M. a aie als 7. re = AC =p = 2nd tr 
: Ment) Beetes Pe le i) ee ee + + 


* C.M., complete medium; M.M., minimal medium. 

** Ts], islandicin; Irid, iridoskyrin; Cat, catenarin; Ery, erythroskyrin; Lut, luteoskyrin; 
Sky, skyrin; Rub, rubroskyrin; Oxysky, oxyskyrin. 

# Ss, skyrinol-like pigment appears when spot-j disappears, 
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Table 5. Comparison in Rf-value between “yellowish brown spot” and skyrinol 


(Téy6 No. 53 filter paper, 13°). 


Rf-value 


“Yellowish brown spot” 


Solvent: 


upper layer of the solvent ee 


0. 
0. 
from the eee 0. 


Skyrinol a NRRL 1175 


Solvent: 
04 | (acetone benzine/water (Sig Dee V/V) 


03 
04 (scetone benzine/water (5.25 Adeos viv) 
08 


upper layer of the solvent ie 


Cah S28, catenarin [LX bY CHKET, spot-j 4 
MERWUBUSLY, AMZ RT hbFITICLSH 
# Clk, spot-j DIK Lied & ic skyrinol (CHT 
% yellowish brown spot 2HbhSs, COMER 
tk ¥ 4% CHaa7e oD AMT S22 Ciev2s, FH 
Hecho CHAT St, Table 5 (CMLKIS 
ic, Rf (itt skyrinol DENLEsK< RTS, 
Rubroskyrin } luteoskyrin LD EABIKIZTOL. 
CHEL, MHORMICILH 5d17 YO HV OBR 
HS. Tikbd, 0-8) KCH, KRDBMET 
luteoskyrin D4: FEILABNSA, 
BPELA bins, 

He, (8-16) HCE 2NA ORD Hh EC lu- 
teoskyrin D4 #(LABNSAZR, rubroskyrin D4 
Elza btizdsok, 


rubroskyrin © 


chk psihiz, (1-10A] (22> 3 KO 1 KA CR 
peeth EG rubroskyrin OAFLA bh S 2B, 
luteoskyrin D4: #lLAbHicv., fess, [2-7] HR 
Mth Cis, seh GS rubroskyrin OARS 
Abn, luteoskyrin D4 HLAbHEWR, RL 
Beh Gix rubroskyrin OA: 7E73Ab tH TF, luteo- 
skyrin D4:7EDiAbHE. 

(3-16) #EO BFAD RAB: Table 4 © 
(3-16) OM FICRIUOH (1, 2, 3, 3.5, 4, 
4.5, 6, 8, 104}, 330380 10,800/ml © fa RA 
®) UTC 66 REAREL, ARMDetMAtkLS 
A, Sx erythroskyrin, skyrin, oxyskyrin, 
skyrinol-like pigment #4: 727T470G Chott 
(Table 6), 

UO 66 Ha BSERIC 12 KEZOEACZRAOD 


Table 6. Pigment production in defective strains derived from the strain [3-16]. 


| Pigments** 
Strains Medium* 
| Isl | Irid | Cat | Ery | Lut | Sky | Rub Oxysky Spot-j 
All (66) s strains| C.M. = = | = dai at ee ‘s g KR 
obtained — — — + = e s 


M. M. 


*, kK Cf. foot note of Table 4. 


Table 7. Pigment production in the second generation of 12 strains (taken 
out of 66 strains shown in Table 6). 


Number of Pigments** 
‘ Medium* 
strains Isl | Irid | Cat | Ery | Lut | Sky | Rub Oxysky| Spot- 
10 C.M. ial Fee oa + as + = + a tee: 

M. M. = =a _ + - = - + s 

1 a et eae ae aes + s 
M. M. = — + + _ + = + s 

1 C.M. + = a sia = a = + s 
M.M. — _ — + — + — 4 s 


*, **, *** Cf. foot note of Table 4, 


tA 


*s 
oa 


=<... = 2. fe 


_ 


i ie ls 


: 
, 
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Table 8. Pigment porduction in defective strains induced from the strain (1-8). 
, Pigments** 
Strains Medium? |———=—= a - p he Rr: 
Isl | Irid | Cat | Fry | Lut | Sky | Rub |Oxysky| Spot-j 
@ Hand ter.) 
M 40 strains C.M. ay e = fF ae a He ae g #RE 
aiian- athe oamim) idevuanli | me: hued 2 Se wl nae eta 
38 strains a min Se + ae xs au ae 3 _ 
[2.5-17] and Tied igen: ace | rae mnie’ ama ae B beet ive Be 
other 2 strains} ” Eien” | ache stool ashi realyencte cn 
(3-4) ” eee) TP | soph cea 6 ple gmpwegnis oe 
(2.5-13) ” + + — 4 — + - + |s 
(3.5-15] ” + | + + — _ ns feo er (e 
(2-20) po ROMO. | | | te Rea & # fs 
2-17 qa i. Serine] ‘i Par pan a aw 
Cast we gies sh, Gaia ett a ees Het 1S 
[3-19] Rie (eae + + + ~ + |s 
Died whence oh in...) = ; eae 
C at Straina <n nh aah 40 Keck eae ane a + i 
= tt tet Cf. foot note of Table 4. 
AMAR ANCL OA, 10 KILI LE MUS —+islandicin—~iridoskyrin. oe 
a), 1k catenarin OSH RASHNSLI I(r —+rubroskyrin—~luteoskyrin. eta 


D, f2O 1 RRre see Hh ES islandicin M 4: FE ZS 
AbNS LE ICieofe (Table 7). 

1-8) ROlAFADR IMR: Table 4 o 
(1-8) RO fa Ic FR (2, 2.5, 3, 3.5, 
4, 4.5, 5, 6, 8 104, 303s 14,400/ml Off 
FIR) L, 102 he THEL Re. sees kicks 
WECHOAKO BRHHOKRIL Table 8 iz, 
HrcA RIS Fig. 1(c) CARL, 

2 OME, rubroskyrin (+), luteoskyrin (—) 
ORR ((2-17] Hie &) -&, rubroskyrin (—), 
teoskyrin (+) OM ((8-19] Fk) Baor. 

Islandicin } iridoskyrin } OBMKlz>v> Tt, 
islandicin (+), iridoskyrin (—) Of ((2.5-17) 
Keic&) >, islandicin (—), iridoskyrin (+) 9 
he (8-4) tk) BASHK. Thbbdb, Chow 
FOLMITEEBY HVOMARBASINS. 


lu- 


e¢ RF 2 
AUR) Cit, ARO BROA RMA MBC OV c 
KO 15 TREK e HER Lie, 


—>skyrin—>oxyskyrin— 


i \ main pathway 
—spot-]j 


—>-catenarin. 

SED 2 AV COASRERD 6 4 (rubroskyrin, 
luteoskyrin) } (islandicin, iridoskyrin) }. Ojqj 
PILCNENMU CEE SHNSETLERADHE 
23, XbHlc, rubroskyrin (-) OL ¥ G & Iuteo- 
skyrin (+) Of ({1-8] #, Table 4), #7, 
luteoskyrin (—) D£ X¥*G4 rubroskyrin (+) 0 
KE ((1-10A] #k, Table 4) 288 6iCVS4 OT, 
rubroskyrin } luteoskyrin 2» (ti5ROAM HE 
DOAN TMICERENSEDE FR OH 
S. BLO<, MOMAKEAIT Lot, WAMU 
LUERMSHi2d, KelL—-TORAREAT SEO 
tb, Islandicin } iridoskyrin }OHA4 
ECAH OFRK Ae SUTWITEMEHSEODE 
BxAboHS, 

fxvt, Gatenbeck5) jt, 7~/7 L7cBEMeR Avie 
Z2s2x6, (islandicin—iridoskyrin) & (rubrosky- 
rin—luteoskyrin) &  2#ii. TNHTHAMRMAX 
BitAack, #x, islandicin 2 iridoskyrin 0 
REPRILTETE Lev LA Cis, CHIR OOEG 
RLF LIEV, 


ARZRPTbAFFALET, spot-j OHALREDHL 
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ICHbnS spot tk, NRRL1175 fic RA OHS 
skyrinol Ek<MTWS, TORS spot-j (CH 
KTSZbOD, HSvlt, BEBE spot-j CLo 
CisiebiNic {KO skyrinol 28 spot-j O}AIT 
ko TRbNTCEREOD, WITNLE EMEC Ie 
W283, NRRL1175 fiz oxyskyrin (2- 
hydroxymethylskyrin), skyrinol (2,2’-dihydro- 
xymethylskyrin) 2%#77£L, NRRL1036 #ic4 
skyrin, oxyskyrin i4ERM ANZAC LE SDP 
Sz, NRRL 1036 ith EMBO skyrinol 73 
&» spot-j Cho ChRbN CWS ABBA 
bird, Table 5itRaHKBR, CHeEASS 
LUWSESITARS. Liew > T, spot-j tr 
skyrin > skyrinol (CBSE KA6, WP 
DEBIT BST S40 CHA 5. 
YEOSRICHOWC, PR OUIABRITCHITS 
fat AI OA MA HEITOVC, ROL 5 ek 
eT S, Chit kot, skyrin, oxyskyrin 73 
SAOPMICHELL, LabX bdo THEMC L, 
islandicin } iridoskyrin, rubroskyrin } luteo- 


skyrin REN THCAVUIT RHA ERT 


skyrin, 


Precursor 1 


0 s ' 
4 3 Oe 9 Ha! 
t) @ o ory 
; denn Ny 04 
Emodin Chrysophano! Flavoskyrin “y < S 


4 Wo 6 ot eae 


Acetate 
" o om nO ° on 
O6.00~ OG. 
0 OW 0 OW Ho o we 2 
Catenarin c 
Sieaiamen " 
no oO “0 0 0 


Skyrinol.. 
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islandicin-iridoskyrin #Z% rubro- 
73D; 


ace ’ id Fes 
skyrin-luteoskyrin #kY4AECHD, 


MPL CAE HM WAITERS STE RED, CO 
MAC ko CL < BREN S CHA). 


Fig. 3. Hypothetical biosynthetic scheme 
of pigment formation in the strain 


NRRL 1036. 


precursor—>skyrin—, 


= \ main 
—>oxyskyrin—+skyrinol pathway 


precursor —islandicin 
iridoskyri aa 
: oes subsidiary 


precursor —rubroskyrin 
| pathway 


luteoskyrin 
precursor—>catenarin 


bas 48 
Penicillium islandicum Sopp. (if 17 | 
>t NRRL1175, 1036, LSHTM BB233 0 3 
chemical strains [C4t bh TLS, LSHTM BB 
233 #klk erythroskyrin &427EF SL Vv» 5 ACH 
© 2 ARLE L C428, erythroskyrin (k7v 


‘ 
) 
' 
' 


aciee Erythroskyrin 


Strain LSHTM BB 233 ) 


' 
pl a 


Precursor 3 


no O on 


Iridoskyrin Rubroskyrin Luteoskyrin 


An SR 6 aero Ss se ae a 
' Strain NRRL 1036 ' 
L 


Fig. 4. Biosynthetic relationships of pigment formation in three chemical strains of 


P. islandicwm Sopp. 
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RAE Y REISER ITI BRO ec LMA 
SNUCIEYD, COXULILE RL, SESE OSE 
bbWboearIt She, 

CLG FY bFIF/YREROARMHMITO 
VC, NRRL 1175 33 EUs 1036 RES Uy CH ie 
STWR RR ERE L CBRL CAR. 

FY RO SEIE TS 3 ARO (EPH HBS IRS S 
&, KROLS MEATS AOS NS. 

1) Catenarin jt emodin © a-hydroxyl fi} 
tk Cad> 0, skyrin i emodin ® dimer Cid. 

2) Islandicin ti chrysophanol  a-hydroxyl 
2PMA CH 0, iridoskyrin {+t islandicin m dimer 
CdS, 

3) Luteoskyrin (£ flavoskyrin ™ a-hydroxyl 
BRAD dimer LA7RH, Exe, 
Oink Lo ChBAICUMENS, 


rubroskyrin 
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CHOO GLOBE, BF 1, 2 CRIA 
WORERA & Ze KFOOIT S &, Penicillium islandicum 
Sopp. Icisl} 4 ROAM MMNL Fig. 4 OL 5 
CRDESHNS, 

Lies, fxROARIZ BAL Cc, NRRL 1175 
RE NRRL 1036 HLEOUSDUE S UL WAAR, 
HUT AUS Cl SAE ROME Cid ito TW SE 
CHS. Ek, FHDOTHRKOHSTLIY, bo 
LL Ch O BCHS skyrin > oxyskyrin > 
skyrinol OMG MBRDEALTHOSCL CH 
a, 


COMFICER LC, Maa C tad & Wh > oR 
BATES ROMZ HAs + Ai CH eed. 
TER IRA FSR Fal OFS ER BGI << ART 
a. 
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Summary 


On the basis of the experiments on pigment formation in several strains obtained from 
Penicillium islandicum Sopp. by UV-irradiation, biosynthetic interrelationships of the pig- 
ment components may be summarized as follows: 

1) The strains obtained by irradiation are not mutants caused by gene mutation, but 
defective strains due to cytoplasmic change in irradiated spores. 

2) In the strain NRRL 1175, the pathway leading to skyrin, oxyskyrin and skyrinol is 
found to be quite stable against UV-irradiation, and the loss or recovery of individual pig- 


ments has been achieved step by step during successive culture. 


Therefore, these 3 pig- 


ments are involved in the main pathway which proceeds according to the following fashion: 


skyrin>oxyskyrin—skyrinol. 


However, chrysophanol, emodin and flavoskyrin are unstable, 


and the appearance or disappearance of these pigments takes place independently of each 


other. 


The biosynthetic route of the pigments in the strain NRRL 1175 is shown in Fig. 2 in 


the text. 


3) In some defective strains obtained from the strain NRRL 1036, a faint new pigment 


‘of the latter pigment. 


spot comes into appearance in place of spot-j on the chromatogram only after disappearance 
This new pigment was identified as skyrinol by paper chromatography 
(Table 5). Thus, it is likely that skyrinol is also present in the strain NRRL 1036 probably 
being masked by preponderant spot-j on the chromatogram. ‘Therefore, the route, skyrin> 
oxyskyrin->skyrinol, is the main pathway also in this strain. 

Islandicin and iridoskyrin are formed from a common precursor in a competitive manner. 
The interrelationship between rubroskyrin and luteoskyrin is quite similar to that between 
islandicin and iridoskyrin. 

_ In view of these experimental findings, a scheme of pigment synthesis in the strain 
NRRL 1036 is illustrated in Fig. 3 in the text. 

4) Erythroskyrin stands outside the biosynthetic route of anthraquinones. 

5) The most plausible feature of the biosynthesis of a group of anthraquinones in the 
two chemical strains of Penicillium islandicum Sopp. is mapped out in Fig. 4 in the text. 
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= 


oi 


e¢ 


Sabo fs 


yew fo GRAGKEE): Av FV VT ORBD 
Micovwec, HR YF GLAIASHE): Bia 
FIC LSTEMAR BRAS, RMAHE GRALK 


gt ba 
LMAR (HM 3647 AS- OH HKG om): A747 RAO MEM, NH 
EARICIC) Wk ORLA): 7 +7 7 2 OTT 


LAH AF RABARA * EA 
47 (AEABBHE) - SF ESSIE—BB GEABENE): 2 A 
AY 2 YTEROF RICANS BBREIC OV 
C, KEMPE + RA GEARHEAD: 7kiz - 
BEMEHOMARhD #HlC kB Trillium oO 
meiotic division DMHIZOVWC, PORICIA 
COW BES) > “ERRLLRLUPA HE BL, PATH 
—+BRA GEAR): Petunia OTERO 
a1. 7E@ASBITBAT SB genetic constitu- 
tion {ifAl— + #% 6HS S1-population (7 ys 
(FA {H(KE]@ paper chromatographic 73% 
COW C, HH —- BA fe GEAREHE): 
Trillium ® meiotic metaphase I OY fatk 
Hac LEt EDTA OFF, SRM K kb 
BMA): PFAAFRCHIS+y AF-* 
ME LCeERLOBMA, RARER Chess 
RAIA): MEST ds LOWET UIT SS ENS 
AF YY BRITOWT, ARBRE CCH 
FRAIBIIAR): 22 +4 OFFERBRL a — 
FYYRBILOVAVIVYGRICOWTC, GRE 
1 (ACHES ESR UR TSB) > 4 AWA 
BORRBRE CRRA, CR PH 
— GEABEHE): Biticst S4HFO— DO 
FLAS —— VE b + RIC SAME 
MELT, HOAIRFES (BRR): URSA 
ERE 

9APIS (9A6H ALAR BIcIsv Cc) 

Wildman (AY 7%#N=7HK): Hira 
Y FY TORE (9 A278 FAR Sac 
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Ecological Studies of Sasa Communities 
IV. Dry Matter Production and Distribution of Products among 
Various Organs in Sasa kurilensis Community* 


by Yasuyuki OsHima** 


Received March 22, 1961 


Production and reproduction of dry matter, determining the productive structure 
of the next production term, are most fundamental and important for growth analysis 
of a plant community and furthermore for analysis of social relationships, such as 
competition, succession, and stability, in plant community, related to environmental 
factors. Therefore, dynamic aspect of development of plant community should be 
elucidated on the basis of matter production and reproduction. 

On this line, valuable studies'“"*) were recently made, and concerning matter re- 
production some schemata were submitted to clarify some important ecological ‘pro- 
blems?»?), 

The author has already made analytical studies on Sasa communities in central 
and northern Japan, and clarified their specific features of physiological functions and 
productive structures'*—}°), . 

In the present work, the estimation of dry matter production and the distribution 
of produced matter among organs of Sasa kurilensis community, especially of Mt. 
Waisuhorun in southern Hokkaido, will be performed with special reference to their 
characteristics. 


1. Dry matter production 


Direct field measurement of the total amount of photosynthesis or of gross 
production (Pg) of large plant community is difficult. Recently, the relationship among 
leaf area index F, vertical light distribution and total photosynthesis in a closed 
plant community was studied*'”°), and Saeki’s formula?®) proposed for Pg calcula- 
tion is as follows: 

A b (l—m)+ Kal, 
Daily, fax yee aa KaetD ene 
where K is extinction coefficient, m, light transmissibility of a leaf, J, the light 
intensity at the top of the community, and a and 0 are the constants which charac- 
terize the shape of the daily photosynthesis-relative light intensity curve. With this 
equation, the author calculated the Pg of the Sasa kurilensis community in a fine and 
a cloudy day from May 23 to November 7, using K, fF and m shown in a previous 
paper!’), and a@ and b obtained from the curve in Fig. 3 of another paper'®). The 
light intensity of the cloudy day was assumed here to be 1/5 of that of the fine day. 

Monthly gross production in those periods (Fig. 1) was calculated from daily gross 
production with correction using the monthly duration of bright sunshine observed at 
Kutchan Meteorological Station situated about 12km. far from the stand in question. 
Then the mean daily gross production was obtained (Fig. 1). The highest daily gross 
production during the growing period, 36g./m.?/day, was obtained in May, and the 


* A part of expense of this study was supported by a Grant-in-Aid from the Research Fund 
of the Ministry of Education. 

** Department of Biology, Faculty of Science, Tokyo Metropolitan University, Setagaya, 
Tokyo, Japan. 


474 Bot. Mag. Tokyo Vol. 74 
a> lowest, 16g./m.2/day, in November. 
& 40 1000 $3 The sum total of the monthly gross 
Es = production gives the annual gross © 
<I = production of about 4.76kg./m.*, the 
= 30 *%» mean daily production being about 28 
BI ~  g./m.? during the growing period of 
3 2 about 170 days, from May 23 to No- 
E 20 509 & vember 7. 

P 5 The daily maximum, minimum 
- p and mean temperatures at Mt. Waisu- 
an , horun were estimated from the data 
& > measured at the said station with a 
a = mean lapse rate of 0.55°/100m. A 
é 0 0 s good coincidence between the estimated 


Me*] J “A. aeSoebOiqain mean temperature and that observed 
Fig. 1. Seasonal changes in the monthly (broken directly in the Sasa community was 


line) and mean daily (solid line) gross production proved as seenin Table 1. The mean 
of a Sasa kurilensis community at Mt. Waisuhorun, daytime temperature important for 
southern Hokkaido, from May 23 to November 7 of 


eee photosynthetic activity was, without 


direct measurement, assumed to be 
nearly the same as the mean value of the daily mean and the daily maximum 
temperature, and it was calculated for the every period of 10 days during the 
growing season (Fig. 2). These values were distributed in the range of 14°~21° 
except for the depressed values in October and November. The temperature coefficient 
of photosynthesis is relatively small and the optimal temperature of photosynthesis 
of subalpine plants is found at about 18° or less'!?'*?), These facts may give an 
expectation that the Pg calculated at 20° without correction to temperature fluctuation 
does not much differ from the real Pg brought forth in the nature. 

The temperature coefficient of respiration is so large that the respiration at 20° 
should be corrected according to the temperature at the station"). For this correction, 
the mean temperatures for every period of 10 days as calculated above, and the 
soil temperatures measured in every season at 20cm. depth where the most of sub- 
terranean parts were distributed, were used (Fig. 2). 

In winter season the culms are bent down to keep their height at about 60-70cm. 
above the ground under the snow cover of 2m. or more (see Fig. 3 in a previous 
paper'’)). The temperature in the accumulated snow was —1° at 30cm. depth and 
increased slightly with snow depth (see Fig. 2 in the same paper!’)). So the tem- 


Table 1. Comparison between the temperatures calculated from the data measured 
at Kutchan Meteorological Station and those observed at 1m. height in 
a Sasa kurilensis community. At Waisuhorun, southern Hokkaido. 


Daily maximum Daily minimum Daily mean 
Date 
Calculated | Observed | Calculated | Observed | Calculated | Observed 
June 2, 1959 11.9 10.8 9.6 9.9 10.1 10.2 
Aug. 9 21.8 19.8 10.9 1ore 16.3 16.5 
Oct.s13 15.8 12.5 3.9 4.6 8.0 7.9 
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Fig. 2. Seasonal changes of mean air temperatures (averaged 
for 10 days: solid line), estimated mean daytime temperatures 
(broken line) and soil temperatures at the depth of 20cm. 
(smooth curve) in the Sasa kurilensis community. These tem- 
peratures are calculated from the data of Kutchan Meteorological 
Station. 


perature factor for Sasa kurilensis under snow cover was assumed to be 0°. 
The mean respiration loss in each organ of each age per 1m.* stand in every period 
of 10 days at 20° was calculated by the same 


method as described in a previous paper!*) (cf. 100 
Figs. 4 and 5 in a previous paper'®)), using the a Benton oh 
data of seasonal changes in dry weight (Fig. 3 

B 


in the present paper, and Figs. land 4ina 
previous paper?’)). The calculated values were 
corrected with Q1o of respiration'’), to obtain 
the daily respiration of each organ under field 
conditions (Fig. 4). The respiration of the  j¢ 
Sasa kurilensis community had two maxima of % 
18.6 g./m.?/day in mid-July and mid-August, Se 
caused by the high respiration of each organ’®) 
and the maximum of mean air temperature, 
respectively. Respiration in winter was 4.0 oS 
g./m.?/day or only 22% of the summer maxima. oe 
Annual respiration loss of the whole community 
was 3.03kg./m.*, which corresponded to about “IC 
65% of the annual gross production (Table 2). 

The annual net production which was de- 3 
termined as the difference between the annual 50 
gross production and respiration loss was 1.73 
kg./m.2.. This value coincided well with the 


annual net production of 1.6kg./m.?, which was ee ee ee 


s 0 
‘directly determined on the basis of the annual Jott Meher M Ded Ar Ss!0.N p 
increment in dry matter (Table 6 of a previous Fig? 2, Seasonal trends of ‘the dry 
paper’’)). weight percentage of leaves (A), bran- 


The character of these values can be distin- ches (B) and main culms (€) of each age. 
guished by comparing with those obtained in plant Numerals in the figure indicate ages. 
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Fig. 4. Seasonal changes of daily respiration loss of leaves 
(F), branches (Cz), culms (Cg), rhizomes (Cg), and roots 
(Cw) in a Sasa kurilensis community. Respiration loss is 
shown in mean values for ten days. 


communities in cool- and warm-temperate zones. In cool-temperate zone, the 
amounts of annual gross production, net production and respiration loss per m.? were 
respectively 2.85 (including shedding part of 0.45 kg.), 1.55 and 0.85 kg. in an Acconitum 
community at Mt. Hakkoda in northern Honshi®); 3.15, 1.80 and 1.35 kg. ina 40-year- 
old Picea forest in Denmark*) (computed by the present author by an assumption that 
leaf respiration/total respiration =0.361!)), and 1.0, 0.5 and 0.5 kg. in Solanum nodiflorum?). 
It is very characteristic that the S. kurilensis community is extremely higher in the 
annual gross production and respiration loss than other plant communities which develop 
under similar temperature conditions. For such high gross production the high photo- 
synthetic activity of leaves during the growing season’!8), and relatively long produc- 
tion period of 6 months with the community structure in active state!) are responsible. 
The large amount of nonphotosynthetic system keeps its respiration at certain value 
even after three years or later’®). 

The larger values of gross production and respiration loss were nadiaiity seen in 
the warm-temperate evergreen broad-leaved forest at the Osumi Peninsula, the 
southern-most part of Kyiishi, the former was 7.3-7.5kg./m.?/year"). These high 
values in Osumi may be brought forth by high temperature (annual mean is ca. 17°), 
long production period, and large standing crop of photosynthetic and non-photosynthetic | 
systems. 

Among various values of daily gross production ever reported, one of the highest 
was 50 g./m.*/day of the artificial community of Helianthus tuberosus'*). In the Sasa 
kurilensis community the maximum daily gross production was 36 g./m.2 and in 
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Aconitum in Hakkoda 35 g./m.2°). These seem to be the highest values observed in 
natural plant communities in the montane region. 


2. Distribution of products among various organs 


The standing crop of a plant community is determined by, besides the amount of 
gross production, the following items; rate of distribution of products to each organ, 
its respiration loss and longevity. In order to make clear the interrelations between 
these items, Table 2 was prepared. In these relations, provided constant gross pro- 
‘duction, the amounts of annual respiration loss of leaves (Rf) and that of total plant 
(R27) are principally important in determining the amount of annual surplus production 
(Ps) and net production (Pu); because Ps=Pg—Rf, and Pn=Pg—Ri. In the Sasa 
community the ratio Ri/Pg was about 65%. This is a considerably large value in 
comparison with those values measured in herbs, e.g. 30% in Aconitum), 50% in 
Solanum’), ca. 50% in Helianthus”), and in trees, e.g. 42% in a 46-year-old Fagus), 
50% in a 20-year-old Abies forest"). 


Table 2. Annual net production, gross production, respiration loss of the Sasa kurilensis 
community at Waisuhorun, southern Hokkaido. The numbers in parentheses indicate 
the relative values to gross production of the community (4.63 kg./m.2). As to 
annual net production, see Tab. 6 in a previous paper!’), 


Whole Leaves Culms Branches | Rhizomes | Roots 
Annual net eGe COR mOsm (OOO oAe(Os12) (0532 (Ox0%) 0. 32 (0.07) |0.11 (0.02) 
production | 
(Pn) in kg./m.2 100% 19% 3426 2026 20% 1% 
Annual 3.03 (0.6£) |0.735 (0.16) |0.955 (0.20) 0.36 (0.08) 0.655 (0.14) 0.325 (0.07) 
respiration loss 
(Rt) in kg./m.? 10026 24% 31% 12% 22% 11% 
Annual gross 4.63 (1.00) |1.045 (0.23) |1.495 (0.32) (0.68 (0.15) |0.975 (0.21) 0.435 (0.09) 
production 
(Pn + Ri) inkg./m.? 


The ratio Rf/Pg is 16% in Sasa kulilensis and 22% in Aconitum, 20% in Fagus, 
and 18% in Abies which has long-lived needles. The small value in the Sasa is pro- 
bably caused by the mean leaf-respiration rate that is lowered by the low respiration 
in two-year-old leaves. The high value of the ratio Ri/Pg, in spite of the advanta- 
geous character for high Ps caused by small Rf/Pg, of this community is due mainly 
to the Jarge respiration loss of non-photosynthetic system (C7c), which is derived from 
the large amount of C and the specificity in functional property’), and it must be rather 
disadvantageous in the economic life of S. kurilensis. 

As discussed above and in a previous paper’), Pn of this Sasa conmmunity is, 
despite of the large amount of Fi, relatively large in comparison with Pn of other 
herb or of tree communities measured under similar environmental conditions. This 
is obviously due to large Pg. 

The amounts of transformation of Pg to the photosynthetic and non-photosyn- 
thetic systems are also important for the development of both systems. Therefore, 
the ratios of newly formed photosynthetic (4F) and non-photosynthetic systems 
(AC) to Pn should be analysed. Although the Pn value of,,S. kurilensis com- 
munity is considerably large, the ratio of new leaves to Pn (4F/Pn) is 19% and 
rather small compared with other deciduous plant communities*?™1%). This is owing 
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to the longevity of leaf lasting for two years. As pointed out by Monsi**) this 
specificity of Sasa leaves may be able to have an advantageous effect when low 
productivity is expected in certain circumstances. 

Furthermore, the reserve substance plays an important part in reproductive 
process of produced matter*!!”), The transformation factor of ca. 0.5 was observed 
in the Sasa community"). The ratio of the dry matter of new organs transformed 
from reserve substances in rhizomes and old culms to Pn is about 35%, and the ratio 
of the reserve substances to Pg is about 25%; 1/4 of the total products is reserved 
in the storage organs till the end of spring of the next year. 

The large standing crop of Sasa kurilensis is due to large Pn and large propor- 
tion of Pn translocated into non-photosynthetic system C, which has a long life span 
often of about ten years (see Table 2 of this paper and Fig. 4 of a previous paper’®)). 

The ratios C/F, Pg/(F+C) and Pn/(F+C) in Sasa kurilensis community were, 
respectively, a large value of 25 and small values of 0.4 and 0.14. In herb com- 
munities, almost all aerial parts generally wither and are lost every year, and the 
standing crop is rather small irrespective of the high Pz, and the C/F-ratio is small 
during the growing period, as compared with S. kurilensis. That the new culms of 
S. kurilensis sprout out directly from rhizomes suggests some similarity to perennial 
herbs in the mode of matter reproduction. Sasa, however, differs distinctly from 
common perennial grasses in such characters as longevity of C, large C/F-ratio, small 
Pn|(F+C), evergreeness of leaves, tall height of plants, branching on older culms, 
etc. Therefore, it may be concluded that S. kurilensis is more resemble in life type 
shrub and trees than common perennial grasses and herbs, in spite of no marked 
thicking and elongation of Sasa culms older than two years. Other species of Sasa 
which bear culms of shorter longevity, e.g. S. nipponica,'®) resemble rather common 
perennial herbs in the community structure with small standing crop, small height, 
and small C/F-ratio, and in the mode of matter reproduction. 


Summary 


Dry matter production and distribution of products to each organ -were studied 
in a closed community of Sasa kurilensis at Mt. Waisuhorun, southern Hokkaido. 

1. The daily maximum and annual gross production were calculated from photo- 
synthetic curves, leaf area index, and light intensity 36 g./m.*, and 4.76 kg. d.wt./m.?, 
respectively. This high gross production may result from the high photosynthetic 
activity of leaves for two years, and from the maintenance of active productive 
structure throughout the 6-month growing period. 

2. Daily respiration loss indicated a maximum of 18.6 g.d.wt./m.? in summer, 
and a minimum of 4.0 g.d.wt./m.? in winter, and the annual total reached 3.03 kg.d. 
wt./m.? Such large respiration loss was mainly due to the large amount and high 
respiration rate of the non-photosynthetic system. 

3. Annual net production, the balance between annual gross production and 
respiration loss, was 1.73kg./m.?; this is only slightly higher than the value 1.60 kg./ 
m.*® determined directly from the annual dry matter increment. 

4. New organs transformed from reserve substances in rhizomes and older culms 
were in dry weight ca. 35% of annual net production, and 25% of annual gross pro- 
duction was stored as reserve substances. 

5. The large net production and the large distribution ratio of products to non- 
photosynthetic system (especially culms) with long life of ca. 10 years must be re- 
sponsible for the large standing crop of this Sasa community. 
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EnEh 36 g./m.2, 28 g./m.2, 4.76kg./m.2 (CHL, CORMVAEERUIR LI, MODAOLAM 
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Studies on Graft Hybrids of Capsicum annuum L. II. 


Variation in Fruit Shape Caused by Grafting for Three Successive 
Generations and the Effects in the Progeny* 


by Noboru YAGISHITA** 


Received June 1, 1961 


In the preceding paper!) the author has reported that some conspicuous variation 
in fruit shape was caused by grafting, and that these characters were transmitted to 
the progeny at least of the succeeding two self-bred generations. Since Soviet 
authors?) have already pointed out that successive grafting for several generations 
is effective in obtaining graft hybrids, the present author has also tried to examine 
the availability of this method by using Capsicum annuum L. 

The present paper deals with some results obtained in the progeny of a grafted 
plant for three successive generations, in comparison with the results previously ob- 
served in the progeny of the grafted plant for one generation. 


Material and Methods 


The material used in this experiment was the progeny of GYo-13 plant, which 
was one of the Yatsubusa plants grafted on Spanish Paprika in 1954. A diagnostic 
character of Spanish Paprika appeared in two fruits of the GYo-13 plant grafted on 
the stock of Spanish Paprika, but not in fruits of the Yo-13 plant used as a control 
(Figs. 1 and 2). The details about the GYo-13 and the Yo-13 plant were described 
in the preceding paper. 

Successive grafting was carried out as follows: Some of the seeds obtained from 
one of the transformed fruit on GYo-13 were sown in 1955. One of the seedlings 
bearing five leaves was grafted again on a stock of Spanish Paprika, which was at 
a stage of development more advanced than that of the scion plant. In 1956, an off- 
spring of the secondly grafted Yatsubasa plant was grafted once more on Spanish 
Paprika. In this case, two scions were grafted at the same time on a single plant 
(Fig. 3). Thus, Yatsubusa was repeatedly grafted on the same variety, Spanish 
Paprika, for three generations (Fig. 3). In these cases, cleft grafting was applied 
throughout. The grafted plants were cultivated in flower-pots, and the seeds obtained 
from them were sown in an experimental field. New leaves formed on the grafted 
Yatsubusa were removed as soon as possible. 

In order to avoid cross pollination, the first grafted plant was isolated in a green- 
house, and each flower of the second and the third grafted plants was covered with 
a bag, the open end of which was carefully plugged with cotton (Fig. 4). . 

The abbreviations used in this paper are as follows: The figures attached to G 
indicate the number of successive grafting, and those attached to Y denote the num- 
ber of generation; e.g. GsYyo means Yatsubusa plant grafted for three generations, 
and GsY1 the first self-bred generation of GsYo, and so on. 
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Reported at the 32nd General Meeting of the Genetics Society of Japan (1960). 


** Biological Laboratory, Faculty of General Education, Tokyo University of Agriculture 
and Technology, Fuchu, Tokyo, Japan. 
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Fig. 1. Transformed fruits (shown by arrows) on G,Y,-13 plant, which was grafted on 
Spanish Paprika. Fig. 2. Standard fruits on the control plant. Y-13 was grown from the 
remaining part of the Yatsubusa. Fig. 3. G3Y,-13 plant grafted on Spanish Paprika for 
three successive generations. St, stock; Si, scion. 


Fig. 4. A flower covered with a 
bag to avoid cross pollination. 


Results 


1. Results obtained from successive graftings for three generations (G3Yo): Trans- 
formed fruits were formed not on GzYo plant but on GsY) plant (Figs. 3 and 5). 

These fruits were found together with the standard ones of Yatsubusa on a single 
plant. There were several fruits having valleculae (one of the typical characters for 
Spanish Paprika) on the top (Fig. 5). 

Seeds from a conspicuously transformed fruit of G:Yo plant were conserved for 
the test of the first self-bred generation. The transformed fruit is indicated with 


an arrow in Fig. 5. 


i 


482 Bot. Mag. Tokyo Vol. 74 


2. Results obtained in the first self-bred generation (GsY:)- The seeds Bhs 

served for this generation were sown in a nursery ed. March Ist, 1957. e 
ere then transplanted to the experimental field. i 

a ae oe shapes appeared in this generation. They may be divided into | 
ten groups as shown in Table 1. Many of them had the valleculae on the fruit top 
as the mother fruit shown in Fig. 5 (Fig. 6). These valleculate fruits appeared together 
with cuspidal ones on a single plant just as in the previous generation (Fig. 7). The 
rate of occurrence of such valleculate fruits was 7.3 per cent (86 out of 1181 fruits). 
Plants bearing the valleculate fruits appeared at as much as 91.4 per cent (32 out of 
35 plants). In a single plant, 17.5 per cent of the fruits had the valleculae. This 
was the highest value in the family. The details are shown in Table 1. 


Fig. 5. A typical transformed fruit (shown by an arrow) on G;3Yo-13 plant, seeds of 
which were used for the test of the first self-bred generation, G3Y.. Fig. 6. Valleculate 
fruits produced in the G,;Y,-13 family. Fig. 7. Transformed fruits among the standard 
ones on a single plant. Fig. 8. Mother fruits used for the test of the second self-bred 
generation, G;Y2; from left to right, GsY,-13B, G,Y,-13C, G,Y,-13A. 


3. Results obtained in the second self-bred generation (GsYx): Out of the val- 
leculate fruits formed on GsY,, three were chosen for the test of the second self-bred 
generation. These three fruits were designated as GsY:-13A, G3Y,-13B and G;Y:- 
13C, respectively (Fig. 8). The seeds obtained from them were sown separately 
in three plots of the nursery bed on March 1st, 1958. 

In this generation, the results were quite similar to those obtained in the preced- 
ing generation, that is, various transformed fruits, including valleculate ones, were 
observed on the plants of all three families (Table 2). Several valleculate fruits are 
shown in Figs. 9, 10, 11 and 12. These fruits appeared at the rate of 3.4 per cent 
in the family GsY.-13A, 11.6 per cent in GsY2-13B, 2.2 per cent in GsY2:-13C, namely 
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Table 1. Results in the first self-bred generation after successive 
grafting for three generations; G3Y;. 

Fruit types and number of fruits As Y x 
2 Oe < Can. a E etek Hal J g es 
is) HH 
ccs ‘ R eye SES 
a A 3 2 
5 (\ (\ | a Role 
3 2 nos 
"i ! l l i | es 
1 30 i! il 3 35 8.6 
2 38 2 2 85 1 il 5 11 63 so) 
3 31 1 il 19 1 55 1.8 
4 42 1 3 3 1 2 4 56 Toll 
5 14 2; 2 i! 1 20 5.0 
6 ys 3 1 1 2 2 5 31 16.1 
7 26 3 3 55 3 i 47 14.9 
8 43 1 1 45 B04 
9 26 1 3 1 2 2 35 bet 
10 3 3 0.0 
al 30 it 1 2 1 1 2 1 39 2.6 
12 23 3 5 1 2 34 5.9 
13 14 1 3 2 Z yD 9.1 
14 33 1 2 1 37 Diets 
15 21 2 2 zB l 4 32 IES, 
16 41 1 i 43 Bee 
17 19 1 6 4 l 1 2 34 5.9 
18 27 i 1 29 iat 
19 14 1 1 it 17 5.9 
20 34 l 1 2 38 Bae 
21 45 3 1 1 50 2.0 
22 13 2 1 16 6.3 
23 88 2 a l 3, 10 5 111 4.5 

py p { 4 Cl Grab 

25 0 On0%s 
26 2 0.0 
27 5 5 0.0 
22 97. 4 31 12750 
29 18 1 8) BD; 13.6 
30 21 1 l 3 26 kes 
31 14 1 l 2 1 1 3 23 13.0 
32 24 2 2 4 2 4 3 41 7.3 
33 24 1 2 1 28 3.6 
34 22 1 1 24 5.0 
35 31 4 i) 2 44 4.5 
36 27 1 4 1 3 36 8.3 

Total 889 18 22 30 8 30 43 8 47 86 1181 
% (Sy mle iste; Diels) On 255 3.6 OCRed Omics 


ff? 


* Exceptional value due to poor yielas. 


** Withered plant. 
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Figs. 9, 10, 11 and 12. Transformed fruits observed in the G3Y;-13 families. 


Table 2. Results in the second self-bred generation after successive 
grafting for three generations; G;Y.. 


| Fruit types and number of fruits - 

2 A Ge Temegae: Ee oF Grou 2 

S I 

Q = 

Fruit ae ef 

S$ is 
GY, 184 a1 | 299 0 3 2 0 1 6 sl | 329 
GsY; 13B 6 104 0 3 1 4 0 2 15 129 
Gv. Isc 13 177 2 0 0 0 0 2 4 | 185 
Total 40 | 580 2 6 4 ede 30 636 

% | | 91:2. 0.3 09 — 052% O50 aes 4.7 | 


4.7 per cent on an average. 


The rate of occurrence of the plants bearing valleculate fruit was 28.6 per cent 
(6 out of 21 plants) in the family GsY.-13A, 83.3 per cent (5 out of 6 plants) in G;Y2- 
13B, 30.8 per cent (4 out of 13 plants) in GsY2-13C, and then 37.5 per cent (15 out of 
40 plants) on an average. The highest rate, at which the valleculate fruits were 
found on a single plant was 25.0 per cent, in this generation. 

4. Results in the first and second self-bred generations of Yatsubusa grafted only 
for one generation (GiYi, G:Y2): In order to examine whether the progeny of GiYo 
differs from that of G;Yo or not, 21 seedlings which were not used for successive 
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Table 3. Results in the second self-bred generation of the plant 
grafted for one generation; G,Y>. 


Fruit types and number of fruits 


: A B c D E F H : 
< B 
ms g 
j B (\ 7 
oO [2 ise} 
a : 5 
ica 
1 5 2 al 1 9 
2 2 3 2, 7 
3 12 1 13 
4 9 3 2 
5 9 1 10 
6 4 il 5 
if 6 6 
8 7 df 
9 9 1 10 
10 9 1 3 2 15 
11 16 16 
2 3 ial 1 14 
13 nz, Z 14 
14 9 9 
15 18 4 3 25 
16 2 2 
17 12 12 
18 3 1 1 1 1 1 8 
19 if 1 1 9 
20 73 1 5 
21 il Hy 
22 1 1 1 1 11 
23 10 AL 11 
24 11 il 12 
25 9 9 
Total 194 34 5 tt 9 3 2 4 258 
% Taal 1362, 1.9 out 3.5 12 0.8 1.6 


graftings were kept on cultivation in 1955. All 192 fruits obtained from them showed 
the standard shape of Yatsubusa. Accordingly, the diagnostic character of the trans- 
formed mother fruit (Fig. 1) was not transmitted to the progeny. A few valleculate 
fruits appeared, however, in the second self-bred generation G,Y2 at the rate of 1.6 
per cent (4 out of 258 fruits). The details are shown in Table 3. The plants bear- 
ing such fruits appeared at the rate of 12.0 per cent (3 out of 25 plants). The high- 
est rate of occurrence of transformed fruits on a single plant was 13.3 per cent. These 
values were not so high as those in GsYi and GsY2. The average rate of occurrence 
of valleculate fruits in GsY1 and in GsY2 is 7 5 times as much as that in G:Y: and in 
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Table 4. Comparison of the results obtained by grafting for one generation (G;) 
with those by successive grafting for three generations (Gs). 


=. Fruit types and No. of fruits e F £2 
; PR T) ’ 7 a) =} 
i A Ba ae) Ey ak «Gt  hga een Some i: 
2 g | Oo 
‘5 (K 3 ° a 
< | $a WP 
: =i) 8 Wee 
8 © | €/&Sss 
wae te 
¥i.).192° ouSb OF. ORE Le tO 1 One ) one 192 | 21 | 0/21 
alio100. 0! 0s UO Ob (0! 0h 20 ee | 0% 
é Y, | les 5 7 9 38 Oh 0 12 a aie 
? | 75,1, 18.2. 1,9 | 2.7 93.5 1,2 00% | 0 orn oy | 12.02% 
eet | 87.55 6.6 0.95 1.35. 1.7510.6°-0 0». .4ieepren | 6.0% 
| 
y, | 99 18 2 30 8 30 43 8 47 8 | 1181 | 35 | 32/35 
%| 95.3 1.6001.8) 2500.7). 2.55.3.6: 0% eo mee 91.4% 
| 
G; ¥,| 58 0 2 6 3 0 4 1 10 30 | 636 | 40 | 15/40 
o\ 91.2 0% 0:8°.0.9 05:40 . -06>.0.2 teu eee | 37.5% 
eee os| .83.25.018 1.05. 1.75 0.6> 1.85 2.2 0.45 3:8 6.0) (64.45% 
% % 
10 30 
9 
i 
80 mC, 
- 20 


B222° 221201212. 1990 9 ope T2130 222 2°02) oe 1 2 1 2 Generation 


SOAK 


Fig. 13. A Histogram showing the rates of occurrence of various 
fruit types in G, and Gs. G,: progeny of the plant grafted for one 
generation. G3: progeny of the plant obtained by successive graft- 
ing for three generations. 
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G:Y2. And the average rate of occurrence of plants bearing transformed fruits in 
GsY: and in G;Y:s is 10.7 times as much as that in G:Y; and GiY2. 

The results of the present experiments are shown collectivelly in Table 4 and Fig. 
13. These indicate that successive grafting is quite effective in inducing transforma- 


tion of the fruit shape, and this corresponds with the view of Soviet authors on the 
effect of successive grafting. 
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Discussion 


The results obtained in the present experiments and the previous ones are 
discussed here as a whole. First, the cause of the variation in fruit shape induced 
by grafting is considered. 

The variation in fruit shape such as observed in the experiments might be 
tuought to have occurred as a result of (1) natural crossing, (2) natural mutation, (3) 
genetic impurity of the test plants, or (4) chimera formation. The dubieties may be 
clarified by the following reasons: 

(1) As described in the preceding paper, the fruit shape and fruiting habit in 
F; plants, which were obtained by crossing between Yatsubusa and Spanish Paprika, 
are essentially different from those found in grafted plants and their progenies. 
Therefore, it may be reasonable to conceive that the variation observed on the grafted 
plants and their progenies was not induced by natural crossing. (2) The results of 
the second experiment described in this paper may provide an answer to the second 
question. The rate of variation tends to increase after successive grafting and far 
exceeds the level of mutation rates accepted in common. Besides the shape of trans- 
formed fruit obtained by grafting was shown to be intermediate one between Yatsu- 
busa and Spanish Paprika. These facts indicate that the variation in fruit shape was 
not caused by natural mutation. (3) As to the third question, possibility of genetic 
impurity of the test plants has been excluded by careful control experiments as de- 
scribed in the preceding paper. (4) All the shoot of the scions or the stocks, contain- 
ing those bearing transformed fruits, were developed from the buds of their own 
which had existed at the time of grafting. No callus bud was formed in the region 
of grafting. Chimera or tissue mixture, therefore, could not arise in these experi- 
ments. 

It seems that these facts show inapplicability of the four causes mentioned 
above. 

On the other hand, remarkable features of graft hybrids are summarized as follows 
from the works of I. E. Glushchenko”®), Luzhitsa Glavinich’), B.D. Fajnbron’) and 
others. 

(a) The change of characters induced by grafting usually appears in the first 
self-bred generation or later. But, sometimes it occurs on the grafted plant itself, 
either on the scion or on the stock. (b) Segregation of characters is observed in the 
progenies of a graft hybrid as well as in sexual hybrids. (c) A peculiar phenomenon 
observed in graft hybrids is the fact that characters of the scion and the stock ap- 
pear in a mosaic pattern within an individual of the grafted plant or its progenies. 
(d) The hybrid obtained by grafting shows a new form combining the characters 
both of the scion and the stock plant. (e) In some cases, it happens that quite new 
characters never shown by the both components appear on a graft hybrid. (f) By 
means of grafting, it is possible to change a form which is a recessive character into 
another form which is a dominant one and vice versa. (g) Both of the allelic charac- 
ters of the scion and the stock plant may appear in the first self bred generation of 
the graft hybrid. (h) In the progenies of a graft hybrid, the dominant character 
may, sometimes, occur within a plant having the recessive character predominantly. 
(i) Heterosis may arise in graft hybrids as well as in sexual hybrids. (j) It is pos: 
sible to heighten the degree of variation by means of successive grafting repeated 
for several generations. 

The results of the experiments conducted by the present author on red pepper 
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are in good correspondence with some of the facts mentioned above: e.g. (a), (c), (d) 
and (j). , 
According to the results of the crossing between Yatsubusa and Spanish Paprika 
described in the preceding paper, the cuspidal shape of the fruits in Yatsubusa is 
dominant over the valleculate bell-form in Spanish Paprika, the habit of fruiting 
‘‘ pendulous ’’ (in Spanish Paprika) over ‘‘ upright ’’ (in Yatsubusa), and single charac- 
ter of bearing a single fruit on each node (in Spanish Paprika) is dominant over the 
character of bearing several fruits in a cluster (in Yatsubusa). 

In the two grafting experiments, the recessive valleculate form was expressed by 
transforming the dominant fruit shape of Yatsubusa plant which was grafted on 
Spanish Paprika. This is consistent with the statement (f). Such a transformation 
was seen ina few fruits on a plant and the other remained unchanged, so that mosaic 
individuals showing both dominant and recessive characters appeared in this case. 
This fits in with the item (c). In the progenies from the transformed fruit having 
the recessive character, mosaic plants bearing dominant and recessive fruits appeared 
together with the plants having only the standard fruits of dominant character (Fig. 
14). This seems to be different from the segregation in the sense of (b). But the 
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Fig. 14. Schematic illustration showing the simultane- 
ous appearance of the recessive and dominant charac- 
ters. a, in the case of sexual hybrid; b, in the case 
of graft hybrids. D, dominant character; r, recessive 
character; r’, recessive character expressed by trans- 
forming the dominant character. 
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fact of expression of the recessive character in the grafted plants and their progenies 
is consistent with (g) and (h). In the other allele, i.e. the habit of fruiting ‘‘ upright ’’, 
which represents a recessive character of Yatsubusa was scarcely affected by the 
dominant one “‘ pendulous’, since such a case has been observed only in two among 
thousands of fruits hitherto obtained in the progenies of the grafted plants. Accord- 
ingly, these two allelic characters relating to the fruit shape and the fruiting habit 
seem to be independent from each other in respect of the conversion between the 


oe 


7.” 
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dominant and the recessive character. The phenomenon of heterosis such as stated 
in (i) was not found in the experiments. 

To sum up, the results of the two grafting experiments seem to show a close 
similarity to the remarkable features of graft hybrids as was pointed out by Grush- 
chenko and others. Therefore, it may be said that chages in hereditary characters 
can be induced by means of grafting or successive grafting. 


Summary 


1. An additional experiment was made with two varieties of Capsicum annuum 
L. to ascertain the possibility of obtaining graft hybrids by means of successive 
grafting. 

2. The diagnostic character of the fruit shape in Spanish Paprika, which was 
used as the stock plant, appeared in several fruits formed on the scion plant, Yatsu- 
busa, which had been successively grafted on Spanish Paprika for three generations. 
This character was transmitted to the first and second self-bred generations. 

3. The rate of occurrence of transformed fruits in the progeny obtained through 
successive grafting was much higher than that found in the first and second genera- 
tions of the plant which was grafted for only one generation. 

4, Discussion was made on the cause of hereditary transformation eee in 
a series of grafting experiments. 


The author wishes to express his cordinal thanks to Prof. K. Fukumoto for his 
helpful advice throughout the experiments, and also to Dr. K. Hayashi, Professor of 
Tokyo University of Education, for his help in preparing the manuscript. 
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Culture Experiments on the Relation of Lake 
Bacteria to Lake Type 


by Shizuo SuZUKI* 


Received July 9, 1961 


Many attempts to classify the lakes on various limnological bases have been 
carried out during past three decades'~*). These attempts consisted of quantitative 
measurements of plankton, bottom fauna, bacteria and so others at a given period, 
and they have indicated only the inherent capacity of lake to support life. It has been 
desired, however, to classify the lakes more dynamically. As to the relation of bac- 
teria to lake typology, the writer has made some experiments on the physiological 
specificity of bacteria of different lake types. 


Experimental Method 


The sampled lake waters and bottom muds of different lake types were taken 
into sterilized test tubes and brought back to the laboratory, and then sterilized by 
autoclaving as soon as possible. The bacteria samples from the lake waters and muds 
of different lake types, were diluted respectively to the concentration of 10-50/m/. 
and 10-100/m/. with sterilized lake water. The equal amount of bacteria was added 
into the sterilized sample waters or muds, and incubated at 30° for 24 hours or more. 
The test tubes of same size were used to prevent the error for multiplication of periphyt- 
ic bacteria. After incubation the quantitative studies were made by the plate cul- 
ture method using the Henrici’s medium, and the rates of multiplication of bacteria 
were compared. 


Experiments and Results 


1. Multiplicating rates of water bacteria: The sample waters were taken from 
seven lakes belonging to eutrophic, dystrophic or acidotrophic type. The bacteria of 
Lake Haruna, Fudoike and Ichinuma were used as the inoculating indicator representing 
the bacterial flora of eutrophic, acidotrophic and dystrophic lake type, respectively. 

The rates of multiplication of inoculated bacteria differed with the differences of 
lake types as well as with the kinds of inoculating bacteria. The bacteria of eutro- 
phic lake could easily multiply in the waters of eutrophic and mesotrophic lakes, but 
not in the waters of acidotrophic and dystrophic ones. On the other hand, the bacteria 
of acidotrophic lake increased rapidly in the waters of acidotrophic and dystrophic 
lakes, but not in that of eutrophic lakes. The same tendency was observed in the 
case of bacteria of dystrophic lake. 

These results indicated that the water bacteria adapted physiologically to the 
specific nature of lake water in which they lived. Moreover, the physiological nature 
of them showed considerable variation within the same lake type. For example, 
Lake Ichinuma and Kaminokoike, which belonged to dystrophic type, were charac- 
terized by high contents of humic substances. According to physico-chemical specifici- 
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Table 1. Multiplication of bacteria in the lake waters of different 
lake types (n/ml.). 


Lake type . Eutrophic Acidotrophic Dystrophic 
Lakes fro hich i lati ; 
biter in ie Ziblet te Harunako Fudoike Ichinuma 
Initial amount of bacteria 0.005 x 104 0.2 x10? 0.3 x102 
1S) 
5 Shinseiko (pH=7.3) 251 ” FO Mae 7, 0 
ke Harunako (8.3) 291 " 11 ” — 
2) 
Katanuma (9) 0 0 0 
°o 
= Fudoike (2.9) 0.0001 1900 ” 0.02 » 
AS) 
3 Rurinuma (4.4) 0.001 7 2150 ” — ” 
b 2 Kaminokoike (4.8) 0 172 ” 14 ” 
As Ichinuma (5.0) 228 ” 244 ” 2 ” 
Table 2. Multiplication of bacteria in the lake waters of eutrophic, 
mesotrophic and oligotrophic lakes (n/ml.). 
oS Basel ey edacaedeass Shinseiko Harunako Yamanakako 
Initial amount of bacteria 0.04 x 103 4 x104 0.005 x 104 
iS) 
q Shinseiko 44 =x103 112 x104 64 x104 
} 
= Nishiyanaginuma 54 ” 136 52 ” 
isa] 
3 Harunako 174 r 780 # BrEp. s 
a 
5 Yamanakako 68 ” 20» 116» 
lo} 
g Kagamiike 157 7 316» 15 on 
2 Unagiike = 134. 39 
& Rokukannon Miike 2 30 £ Ske 
ie) 
= Oonamiike 13 ete 59. chin we", 


ty, the lake water of the latter is more disharmonic than that of the former, and the 
multiplicating rate of bacteria was comparably scarce in the water of the latter. The 
same tendency was also observed in acidotrophic lakes. The multiplication of bacteria 
could not be seen in the strong acidic water of Lake Katanuma even in case of bacteria 
of acidotrophic type. 

2. Multiplicating rates of mud bacteria: The rates of multiplication of mud 
bacteria differed with mud samples as well as with inoculating bacteria. The growth 
of mud bacteria of harmonic lake was very restricted and it was limited only in muds 


of harmonic lakes. 
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Table 3. Multiplication of bacteria in bottom muds of different lake types (n/ml.) 
“ Lake type Mesotrophic | Acidotrophic | Dystrophic 
Lakes from which inoculating Yamanakako _—-Fudoike Kaminokoike 
bacteria were sampled 
; a = - | 
Initial amount of bacteria 0.02 x104 0.08 x103 0.01 x103 
a Yamanakako 85707 15600 7 12300» 
a 
a 2 | Kagamiike 8040 7» 700 7 5376 a 
spe) | 
eA Shinseiko 6200» 2100» 9810» 
oO 
& Fudoike 0.009 » bi 110-24 ” 0 
| 
5 Bentennuma 0.002 7 | 0.05 » Onz ” 
as) 
SS Bishamonnuma 0.003 +» | 0.06 7 / 0.5 ” 
| 
3 Kaminokoike 0.003 7 = 310 1 
) Ichinuma 0.2 ” 290 ” _ 
~ 
n 
a Nagaike 0.04 7 150 y-a# 2A i soee 
Table 4. Multiplication of bacteria in bottom muds of eutrophic, 
mesotrophic and oligotrophic lakes (n/ml.) 
Lakes from which inoculating thee 5 fe 
Pactact nets cansuiid | Shinseiko Yamanakako |  Unagiike 
Initial amount of bacteria 0.5108 1 x10 0.4x102 
eee Yanaginuma (pH: 5.8) / 118 x10? TZBUER IOI ETS | Ge 
6. | Jimushonuma (7.6) | 146 ” 1040 | 390 ” 
= | Choko (4.8) 0 ” 2° a | 35 ” 
= Tadenoumi (4.8) 2 ” ee, 14 ” 
Yunoko (4.3) 1 ” OLY Rx 0.4 7 
Inako (4.4) 5 ” oo Ma 2 ” 
2 Kirigomeko (5.6) it " be, oy 0.4 7 
2. Karigomeko (3.6) 2 ” 2ky OTCrs 
$ Kagamiike (4.8) 8 ” 7 ty 123 ” 
g Yamanakako (731) 3640 ” 15200 280 ” 
Kawaguchiko 1 ” Y Uf iced 10 ” 
Shojiko il u 26 ” Pail ” 
Ono (Akagi) (5.0) 10 ” 63 ” 16 , 
2 / Unagiike (5.0) Se sat 42 on Vie route 
° Kono (Akagi) (5.0) 5 ” | 28 Oo 9 ” 
& Rokukannon Miike (4. 9) 1 " | 28 «w, 0.8 7 
5 Towadako (7.3) 820° yes Nap ly 400 Je chia 


On the other hand, the mud bacteria of acidotrophic and dystrophic types could 
only increase in the muds of harmonic and dystrophic lakes, but not in acidotrophic 
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one. The muds of acidotrophic lakes were constituted mainly of mineral sediment, 
such as sulfur, iron or manganese sediment. These mineral sediments may be harm- 
ful for the growth of bacteria. 

The differences of the multiplication of bacteria were very conspicuous within 
harmonic lakes. One of the most important causes for the differences of multiplica- 
tion of bacteria was the pH value of sample mud. The bacteria multiplied to the 
amount, approximately 300-7280 times the initial amount in Lake Towadako, Yama- 
nakako and Jimushonuma. The pH values of the bottom muds of these lakes were 
neutral or slightly basic (pH: 7.1-7.6). From these results it may be said that the 
rate of multiplication of bacteria in bottom mud of harmonic lake type relates closely 
to pH value of muds, rather than the eutrophication of lakes, so far as the obtained 
results are concerned. 


Summary 


The rates of multiplication of lake bacteria were studied in some Japanese lakes. 
The physiological natures of water bacteria differed with lake types. Bacteria seemed 
to have been adapted to the specific nature of lake in which they lived. The multi- 
plication of bacteria was very high in eutrophic and mesotrophic lakes, while it was 
scarce in oligotrophic one. 

The lake type had not so close a relation to the multiplication of mud bacteria 
as to that of water bacteria. The activity of mud bacteria was influenced remarkably 
by pH value of bottom deposits. 


The writer wishes to express his cordial gratitude to Prof. H. Indoh under whose 
guidance this research has been carried out. Also he thanks Dr. S. Ichimura and 
Prof. T. Tatsuno for their valuable suggestion and encouragement. 
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Aneusomaty in the Leaves of Diploid Petunia 


by Shin TAKEHISA* 


Received August 18, 1961 


Duncan (1945!)) reported that the somatic chromosome number within root-tips of 
Paphiopedilum Wardii fluctuates from cell to cell around the diploid number, and 
proposed the term ‘‘ aneusomaty’’ for this phenomenon. This phenomenon, on the 
other hand, has been termed ‘‘ chromosome mosaic’’ by Fankhauser (1945?)). The 
occurrence of variable chromosome numbers in somatic tissue within individual plants 
has been reported in a number of plant families (Snoad, 1955%), Hegwood and Hough 
1958‘), Kato 1960°)). In Petunia, Levan (1937°)) observed the indication of aneusomaty 
in his F: individuals derived from diploid-tetraploid cross, but he did not pay any par- 
ticular attention to it. 


Table 1. Chromosome class distribution in the aneusomaty 
individual of diploid Petunia hybrida. 


Leaf Chromosome class Total number 


i of 
(preparation) | 14(2n) 16 21(3n) 22 23 24 25 26 27 28(4n) observed cells 


A 19 1 2 1 5 5 al + 1 1 40 
B g 1 1 2 2 4 1 20 
Cc 7 7 
D 8 8 


Examining the somatic chromosomes of Petunia by the leaf smear technique with 
the Feulgen stain (Sullivan, 1947’)) the author found the aneusomaty in an individual 
within diploid (2n=14) plants of Petunia hybrida, commercial name ‘‘ Snow Ball’’ 
(Table 1 and Figures). A series of examination was undertaken on different young 
leaves taken from several stems of the plant. As shown in Table 1, about half of 
observed cells in the leaf A and B had increased chromosome numbers ranging from 
triploid to tetraploid number. The leaf C and D did not show any change of chromo- 
some number so far as the present examination is concerned. This result indicates 
that the phenomenon of aneusomaty in this plant has not taken place in every leaf. 
There was morphologically no difference between the aneusomaty individual and the 
plants with normal chromosome number. 

Many reports on the occurrence of aneusomaty in a number of plant families 
have indicated that the aneusomatic condition is apparently due to mitotic abnormali- 
ties such as split spindle, kinetochore pairing in somatic cells, and somatic bridges 
(Snoad, 1955%), Miduno and Yamazaki, 1952°), Hegwood and Hough, 1958*), Nielsen and 
Nath, 1961"). Further, the aneusomaty found in wheat (Love, 1938')), Hymenocallis 
calathinum (Snoad, 1955%)), apple (Hegwood and Hough, 1958*)), and Agroelymus 
(Nielsen and Nath, 1961°)) Suggests that the potentiality to produce aneusomaty is 


* Botanical Institute, Faculty of Science, Hokkaido University, Sapporo, Japan. 
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heritable or has relation to hybridity. The present case of aneusomaty represents the 
sporadical occurrence of aneusomaty in the leaves of one individual. The species. 
Petunia hybrida has originated from interspecific hybridization since 1937 or so 
(Stout, 1952")). Therefore it is considered that the present case of aneusomaty may 
have a background of genetical potentiality to produce aneusomaty and have a cor- 
relation to the hybrid origin of the species. However, the existence of genetical 
potentiality to produce aneusomaty is nothing but a remote cause of aneusomaty, 
and this cannot explain the manner through which these variable chromosome numbers 
have arisen. In connection with this point, there is a report that the mitotic ab- 
normalities such as sticky bridges could be induced by genetical endogenous factors, 
i.e. the mitotically abnormal condition observed in the young leaf meristem of Ginkgo 
biloba L. is due to some endogenous substances, which become effective when amount- 
ed up over a certain threshold concentration during a specified growth period (Tana- 
ka etal., 1952"*)). On the contrary, in the present case, multinucleate cells which 
suggest the pre-existence of split spindle and cells with subdiploid chromosome 
numbers probably resulting from kinetochore pairing or somatic bridges were not 
observed. The lack of chromosome numbers from 2n to 3n only with one exception, 
if it is true, may also suggest that a gradual stepwise increase of chromosome 
number is improbable. These facts suggest that other mechanisms than mitotic ab- 
normality may be responsible for the occurrence of aneusomaty in the present case. 

From the fact that the aneusomatic chromosome numbers are concentrated to the 
range from triploid to tetraploid, two alternative mechanisms may be assumed by 
which the aneusomaty in this diploid Petunia originated. The one is that the endo- 
reduplication (Levan and Hauschka, 1953'*)) of chromosome complement took place 
initially, and then the elimination of certain members of chromosomes occurred. 
The other is that the endoreduplication of variable number of chromosomes, not of 
whole chromosome complement, occurred once or sometimes at an earlier stage of 
development, possibly accompanied by a fluctuation of numbers through succesive 
mitotic divisions. The latter mechanism may include the case in which the duplica- 
tion of chromosome occurs differently among constituent genomes. 

Since, however, the observation of whole mitotic cycle was not attempted in the 
present paper, which will provide with informations giving clue to the really opera- 
tive mechanisms of the aneusomaty in the present case, decisive conclus on must await 
further studies. 


The author wishes to express his gratitude to Professor Hajime Matsuura for his 
suggestion and criticism during the course of this study. The gratitude is also due 
to Professor Tadanori Miduno, Keio University, for his kind criticism. 
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Explanation of Figures 


Photomicrographs of Feulgen Jeaf smears of diploid Petunia hybrida showing aneusomaty, 
ca. x 6000, Fig. 1.. Two adjacent cells showing tetraploid (A, 4n=28) and diploid 
(2m =14) condition each. Figs. 2, 3. A diploid cell. | Fig. 4. A cell having 27 
chromosomes. Fig. 5. A cell having 26 chromosomes. 
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Hai = 
BAH: SR ARNS 2 = TOHOAAMMIcEIS Aneusomaty 


FEO NBM CLF 2 = 7 OWSARE BA COI, (PACMAN So HF (Petunia hybrida) Os 
anfii4 “Snow Ball” 2mMH/XHSRHOLOOHO—HER, Aneusomaty FKLTWS Oe AM Lic. 
Cc OVRNL & Of OPEC OMIT IG L CHE CWSOCLIEV, Wm=14 OEM Ila has b OW 
{EASE AE 38n & An LOMICHS CLAS, TOMBE MAAC OVC AIC BE Le, (Ab YE 
KFS MFRS) 
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Fa 
BY) sv, PevBrbyy Ad Sw y 
YABB }VyVARRMLKEAF YaRA RH 
Hic tsv»C, Micrococcus glutamicus (iv. CA 
LY HAO PRIMAL ISC L, Siz, PIKE LY 
RPSTLERE LI. BIZ, Tove pyvs 
& 6~10% YIN LCA, ABIL S bifid 
bacteria We EL, CHE DAU RIBEE HE 
LjiSZlk, Efe, VYTBF bY DAI LSA 
(LS IRS SRL, & MIAME ATE RSE A 
bHEcCLELEMNE. 
cTOLEIIZ, ABO teratological growth-form 
LMAL OMITILGATMHERDS L#R SHS 
DC, SHIT HPRILA AMI Rs PRL CH 
ADWAOWRERRL, SHSbkItX, =OWHRO 
WHC Is LIST MR LEMORKEOC, CUI 
wT}, 


oh, 


ERM Hos k UR RAE 

(8 FAR 

Micrococcus glutamicus 582 #7 LCHte. 
Gee tke glucose bouillon #Hh ic CHEMLAT Re 
2@ L, PARGHITA L 10% OAAicgnx%, 28°C Ic 
CHR Isc wrote, SOARES Cictste 
Te SAME) Cestsvy 1lyr/l RmMLeELoG 
* Tokyo Research Laboratory, Kyowa HAK- 


KO KoGyo Co., Ltd., Tokyo, Japan. i FnRye 
THRAKS ELI PEAT 


bdo, CORAARHHICA LU CHAOPRILA DIE 
StkTe LOAME ANS AHO * OWAEMRML 
72% DO Bini e Lic. 

YIN LE MHBLOFOMVICAWSHS. thd 
b, l. 27> VBI 2. PAOARBOF VY 
Ate 3. 73/78 4. ADB. 

Hoge & ERP WIITHRIR L, PH, O.D. (Ae WEL, 
BKe AF UY RIT CHA L CHR BIR Lec. 


ita R 

l. 72> Ya 

A) CMAKRTL<, FevBybryvyvswL 
OY YAR bY Y AICIL PRICK AIRE dS 
WB, VY ARS bY Y ACIS ICR ATA 8S 
HEN, MEBAACBORHHNAMe, COB 
COO CMR ZO7=YBBIZOWC, FhVY 
ALE CA BITES & XH Ze PRILA ARR 
SPE PERRI, 

ep cit i ge 
Bathe oo 1 AIT LOL. 

13fiO 7 =v RHE, Fh VY AHOSL <bE 
IRATIRARE LO LESOU, FAZ=Y LEO 
ACH), BFEOMRIFZSR, HV y AbD 
75D HRV. YF ALE CILAKOWAIERA bivic. 
(1) 2=vRR7Vv+=y 4 (NH,-citrate) 
2% YIN CHR, SMIKDIBRSN, 4~6% 
Cli» bifid bacteria Wrote, COL, 


ei tel ide oD Ae at BS 
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womeslmme%| oh | aleomm! wma se | pH le F 
9 6.6 2 6.8 + 
fi Aare ie r 4 8.4 | 4 
NH, 6 8.8 +4 g 6 8.0 tt 
8 ee ae 8 8.2 a 
10 $2 ae ees My lead 
= = Ca pF (J 0.1%) | 5.4 tit 
1 9.0 + ae set ages 
2 9.0 = Zn fia Al Sa — 
Li 4 9.0 = ee = 
6 8.8 = Sr RIA RT 0.3%) 5.4 tH 
10 7.8 = : = a 
: | 0.01 fam) 9.2 | — 
0.02 9.2 = 
Na 4 iG + 0.05 9.2 = 
. a Cd 0.1 9.2 = 
4 0.2 9.2 = 
2B) 5.4 a 0.5 9.2 _ 
4 6.6 aN 30 9.2 - 
K 6 8.8 + - — - — 
8 9.0 = Ba fA Fn (490.04%) | 8.8 tt 
10 9.0 Ba fie pias % 
r 0.01 fam | = 5.0 tt 
0.02 5.4 
0.01 gag | 5.4 tit 0.05 5.4 HH 
0.02 5.6 tH Hg 0.1 9.2 oe 
0.05 8.8 + 0.2 9.0 is 
Cu (eu! 8.8 + 05 9.2 ~ 
0.2 9.2 = edge athe eS oe 
0.5 9.2 oH. 
1.0 6:0.) = Al A a hae 


SPA & BAA Sire, 8~10% YI CA ALE 
stz<AbhF, metachromatic granule O3§Hi 
DUBS Chor. 

(2) gya=vfen ) 7 & (K-citrate) 

2~4% YRINCIL(PRA MIA DIZ SNS, 
SLCWOHUSLWEOCIRY, 6% ICH ONE 
KE MBALVDOSTAMREBL, Eick 
PBASLHS, 8% WEYMTSCLICLOABILY 
HES 

(3) 22 vm) Fy As (Li-citrate) 

VFy AMIs+ APSR <, 1% WINCH Ce 
BLALHAEMASS. Lieto Co Make ¥ 
MPTSlweEoR WA, MEO OlLAr7e OK 
TS. 

EO Hho Cx Balt Sl EORALILA SI 
Tevoas, SAHRIZ FSU CHPREHIIT-P > Bika BP LDS 
Sonic, tirbd, Hier 0.02~0.05 fa MEE 
CMZSLHeAIwROR<, SHADERS hb 
SR, COLXOMMLHA<, ARKOZ Miah 


LS, Ete, AKT 7 AMBRE DD CHEAT < 
O.01fA MIT IV CHS Eo ERMBA SHIA 
7 

2. ABRD by ate 

PYF PVT ABELOY YAR hI DAO 
(HE ARA AIRE BD Olx, M. glutamicus O 
REDE Ob OOGRHITIS LET HBEOAKL 
SER ADbwo ir ORKRRORR Ch vie, CO 
L3lt, HDSMOARBRABEREYbCOL<KE 
{EP LOSCEMBDSNHEOC, ARBSIRIZO 
V CRN & IZ fe, 

(1) faana ie 

21D CL X1IBME FT bY Y ASROR CA E. 
RERAMAO LOI iso--AP Ae yYRECCHS, MH 
MBI THE 1.5 BLO 10% CHS. 

+, MAR, Feeavie, MB, is0-FRM, 
AAV, t90-AF Ove, ATV VB, AY 
VB, FU UVR, SU AFYER, Ss Fv ibs 
BORAT T USB: 
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TV AFYVBYAELOELOOF bY VALI TH 
SHMERIABIEL, KRLATR Dok, 

DLE ORIAIIG BIS, AFA RIK by AN 
2, wiry RRDSMAREFZELOLSSAM (kK 
i Xie, BERR 5%, APY VERBS% YE7e ECM 
OPE E SCS LSU, BRO MEHAIT 
AbnS), MRICAMBRE UTILAENE EO 
igdrotke. 

(2) AAMT 

VAI -VBLVI V4 VBO 2HE AED, A 
HBBASHT, ARES THEO EEE RT 
Vote, 

(3) +47B, 7b BRL OAs y7 bB, 
FB, eveVB, V7 VB, ae eek 
OP VF NVBO SHE AVE, WTHEASDNE 
MRL irdsote, REEVE VB 10% YRMIT IV 
CHAIRIZILA, POUR L, W> < Ain MH OBA 
{EDD brie, 

(4) —~#EE 

THRE UCOXO 5f8e Aor, tirbd, 
Y208, ~evB, 32-78%, 7oEVRBRIO 
THEIL VIRCHS,. 

Y a 9 ARIZ ILA PRICK ARB bv 
fe, 2~5 M¥RIMIT CHRMMBBAIE Le PRALA Milla 
WHF L, & FICAIKA IML, Ex bifid bacteria 
BeESS, 6% Mme CHMAl/)BEL, BLA 
LSMO Mla bifid bacteria He BFS, 

Kh, 774 YBa) REOSMAKEL 
Bt LS. Lietio Cate bo Ev MADNBESS 
ERIC oO. 

(5) a+¥viIBLOS eee 

COA YAR, 7JevRBRMSENSDS 
SR, MEAD RICGS eR, WAMBIc ev» 
TPP IRM E BDOIROACH ote, SWHHELT 
Ate) vam, 2= vA CAMRITMAeCL < 
BA ds7e PRALA TRAD bdrvic, 

(6) AfAMIIs LOSI 


74 YER 7 <A 4 Rav BROT S 


=» bRR (trans) & Hui, 

Tut VRS5%, 77 —-NMBSOM BLOT AH» 
AR 10% YM COCMPRMRE die, Lac, 
-hat 4 HO RRR Cid, A AIL BIE CSO, 7 
=YRFbVGA, HSSEWVILI VAR bV AR 
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petit SCL <, HAAMEIARR CHS 
ABE Lid FO MID US LS (PRIEKT SOO 
LitHino, Pro BR< eA LRASMHICATO 


(HE MID HD 5bNSO CHS, 

3. 7k ge 

DEO 17 BOT I /BERWK, Tibbs, 7 
VVYY, DiIaygZ=/, Lees) 4) bee 
DL-iso-ER 4 YY, L-AVAHY, L-YATAY; 
L-VYAFY, ODL-AFAH VY, leF7e = vz 
SY Visfeyy, DLeb v7 bos 4s levee 


ay, L-Very, L-Pe yy, Lyne ae 
Mis kU L-PWV 2 i VRCHS,. 

MMBLEHEnNOT 2 7 ROWKEL LABL 
ZEOBSI 100mg/ml (10%) FEAR Y 
AFY, FEYYOCEL <M EO ES OSM 
% FAV ze, 

—fklt, KOC LE 7 2. /BeMRMTScLk 
LORE FIEH & N32, 50~100 mg/ml 0 
CL < SMITH LBA HICH FIC Be Sie 
FreRSS. KL ZI,77=v 100mg/ml ¥& 
Dn Crkar7c ) OMB BRB bonie, ERMYVAT AY 
50~100 mg/ml yEpn- Cit ds eH < AAMAS S 
nd, 

{PRAILKAIKO CL XA ROB LI, $F Clow 
NbHETES, WSUCELWERARBAEP Cis 
ZTSODCHS, LRMoT, TISBOZLESE 
BRET Sa, HVS TMAS SBEOLO 
CUE PRALARR Ee IR LZ OD FFE CHS. 
Lal, vAFr4yY SOmg/ml Cie Rba75 YO 
PAS t, WAMRRO- WRITE, WSUCOL 
< PRRARA L, . IB ALE Lee ARDS de7e b HBL L 
LKkS. 

TAAF ¥ VPs 100 mg/ml YRMle sv CHM, 
BPI CARMI S CE LUCE EBDOEM, FO 
KRASORRICbLaDdb THR LAMedok, 

7 KR 3 YAR 100 mg/ml YRIn-CiLar7x O PAK 
RBALNS, AimDwWA(E LreMlIWs < 7S, 

VAT 4 VERY CI IRIT 7 & 7 BRMITLS 
PRALAMRILAS < fev, 

4. fe pea 

TAMERICL Db BHEHS long form ORI 
LOFCRRRLOR SL ae YO SMITOIES, Lav 
—MIZCO LIfe long form ji FBWMHOMGR 
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DOS hicHR Mia Ch > Ct, M. glutamicus 0% 
MGA LISA AWICALSLOCLSSB, HEM 
ERIM Lb asx) OW RALE WAL CHIRE 3s 
aural oy fats 

A LictikWRiLOX Ol0MCHS, YEMEN 
0.1, 0.5, 1.0,5.0 ts kus 10.0mcg/ml } L fe. 

AN=YVYGAY VAR (PC), BAAbUT > 
id -v/Y/A(GM), (Adee ty Y (KM), or oy 
72=a—-7 (CM), %Je-nFpoy+r Puy 
(AM), *¥Y7FbF71IZ VY (TM), FEI 
47\y (ACM), #va~4 vv (SKM), ~% b 


O2Dz 


0.5 


0.4 


0.3 


0.2 
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<4 yvyC(MM-C) BELOANVFI 74 Vv (CZ) 
Ch Sd, 

=03%, CM, AM(10mcg/ml (zc fh B&H 
S), TM 33k08 ACM (ciszERSttt Ch ore, 
MLO 6 BOUMEWAO SS, PC, SM, BLO 
MM-C © 3 fai MaAMic & bd CRIS SHA 
ERZEOG, SHITMMBE MRD EU CRRE BS 
trove, Hela MM-C CixGe7r(PRIBA, Sb51lz 
4s, bifid bacteria WOME’ bh brite, = 
HAOOHAWBRMO SWOMAEY PITMNS. 
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(Woetexiy 

0.6meg/ml (#9 0.7 ug/ml) YIMNE Cob US 
L<2AReMiL, 2.0mcg/ml ¥ CHILE 
HEE HEL, WSUS LWS Hake URS, COR 
WOB MAL AEROLO Chott, HKOBER 
WHE LER AMIEL ODE CHS, TOLE 
OAM MIVIWAMEL, CAMRE BTS LORS 
W208, Higeds 2~3 ARIST S ICP Lick 
CUL Aran MAND BOX PB LT < 64 ODURZEL 
CXS, ERWBEBEOT4OOS< ho TKS. 
hiAAW ARNEL EA OMAMLS 1 MIZRUie. 


6 8 10 
hehe mcg/ml 


Wl REMRRMLAA (1 Ae) 
PC : penicillin, SM : streptomycin, MM-C : mitomycin-C 


COL RBRALRALHS PC Kinet, # 
1MicisvC, AA HRD AIC TRS S RE Ch 
oC, AA RS EAE IKE LR LCA, 
ith 0.2mcg/ml DP Efe 4.0mcg/ml LL EC 
VLIGREAMEIL MD Oh, COMAMRORME 
LAW HHAEORSRIe PC, SM 3s kos MM-C ick 
I Cd SLD ds, AR) ICIslF SI = VBS by 
wa, VYAMEF bY Y AMINE VRORRTCS 
AROT EDU LY5 S, 

(2y Abus }Sepyy 
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0.2mcg/ml YRIn¥ CMIEMRAeEAL BCT, 
FRAME bDAbBHrVA, 0.4~0.8mcg/ml YM 
CHARM LT<K 3, CORMAN 
UC, MaOFHROW t~d Iv. wWeO<I 
WHChA, COMMA O WaT 
S. COLEXOMPBAGAKY LEER, SM 
Raw dhe tev, SM yon Be & 1.0mcg/ml bh 
LICMMTSL, COYMMRH COWRA doh 
ie< 7h, RAKE OREBE ro, Wate 
(RESTS. 

(3) ~4 bea yvy-C 

0.2~0.8 mcg/ml YRMMIE Clb CS LIS AMA 
OUReAS, Lieto CHERR<, Xt 10 
DLEICBEETLERHS, HRCOMEKL ID, 
1.5~2.04 (72, COLD RAMA Cs Kms 
CAMREETSEOL, CORMICAMAVNS < 
fro TWSSOLDBETFS RD, ABILRRET 
4, 1.0~2.0mcg/ml YIN S SITHEL RE 
BweobN, COTA, DIKLMBDSNSE—H, & 
MENTS AMIS / BYE OMe AR, Rade 
w<ikS, TOL EO KE PC MWMOSWVATS 
PUARTRIZ A Cu»S, 40mcg/ml Lb Yin Caw 
tih\& <, YWHe oF. 2.0 mcg/ml xKIn3 ARE 
Glib CS LS HX» metachromatic granule 
eBRUMLE. 


s & 

1. 72 ViBRL PRICADE 
2=V/SIROF bY 7 APBD SH US LVAPRIEK 
ike BEF SELES CEM HLS PRB, 7 
= YOR x DHIZTOV CORAG RIL DT ANT 
VYE=VABLAY Y AMITIVTOAF DV YA 
He & a> S VILA FG RDS SHITE 


fr, TOWALV FY AML TVS ay AIT AG 
VPRO RD BSD bivic, Lal, floes 


DEAMEDYEWOC, FbV y AMPLY YI 
EERE SO LILABECHS. $i, WSs LOA FE 
Y AUNLW STIS FD CKIBE CABS Hike L 
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2. AMMO HEL PRILADROBEM 

P=VBFbhVVABIOY YABFbIYVAO 
PEIEA, & SIC PIRI OME REIT S| Sie 
x, ARB 32 MOF VY AHeMML, COM 
BeBe, COMA RARBORANITIET Cle 
ZO RITEBSN CS 7 =VBRBIOY YAR 
RhESD, BHBLMRORBRE LEEK. CNnb 
Db, HSTITHRILAMRE HED LCKMALY 
= 7OACHS, Lel, HEOS Mik OCR, 
SV MEM HIP RAKOBPETS CLE 
BOLE TCAEVEVER, 7HITYER, BAB, 
zUA VB, 77 —VBRB LOT 2 =» }ROSe 
MoT bons. 

TRL RAILKOERE ASS 7 = v Bs, 
hydroxy-tricarboxylic acid Gi), ) vy aHBix 
monohydroxy-dicarboxylic acid G4. H ble 
TH EOBRD birvieY = Y FRX dicarboxylic acid G 
bot, vt -COOH He 2 HEAT SCL 
(SBIPEPEV., Lash Y= 7 BHOOC-COOH 9&2L 
< CEA HESMICECOL IDM RBAL HD 
brrece&kls, Hite PAONMES LOTS 
DDZL<S CHEM, B2RITASTL<, di- H 
Awrtk tricarboxylic acid ChLAMBAOB OME 
WORE LOTTE, WEORRE bE FH 
ti L (PRILAMR & HOT ST LARCH S. 

3. 7 i /7RRMOVES 

KIC, Fi /7BMeweoSHeiceyMmMLTS M. 
glutamicus (LQweeth Ck <AASTS, Lew 
2, FEVBF VV ARLERMRMLEL EOS 
& SAHARA E 75 HRAILA MO MBS & 
A¥RSHRaok. LiL, FIYY, AVY; 
TMB=aV, TARFEVBRIOFNV Ai VBR 
100 mg/ml ##EEYRIN Lic StS ME RORS 
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ACA GRACIA), «=A MADIB RS, SEA 
PRICIRFETS SC LDMEMS Ne, VAT 4 VERE 
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2 ARM Na oO mRINA wR 


ie (eee |S fate | -coon| -on | -co [= ¢4 
a fe N WwW rT 0 0 " 0 
Be fe N WwW 1 0 0 0 
FuerA vit Ww Ww 1 0 0 0 
n-BR ie N Ww 1 0 0 0 
-G # N Ww 1 0 0 0 
yy ay we N WwW 1 0 0 0 
AT BY ig N WwW 1 0 0 0 
AT VY wv eB N N 1 0 0 0 
ATV yw N N z 0 0 0 
7y Vv eB N N 1 0 0 0 
Y 7 — n fe N N 1 0 0 2 
= fe N N 1 1 0 0 
Eve Y B Ww M 1 0 1 0 
v7 VY EB N WwW 1 0 1 0 
7A + AF oe Bee N Ww 2 0 ih 0 
ZF we zk wv HK N N 1 1 1 0 
ys @ © S S 2 0 0 0 
=, =’ N N % 0 0 0 
sien SZ) GR Ww WwW 2 0 0 0 
oes oy ue W WwW 2 0 0 0 
THI VB WwW M 2 0 0 0 
Is * BOS S S 2 1 0 0 
ase WwW M 2 2 0 0 
P= yw S S 3 1 0 0 
mene 7 Ww M 2 0 0 1 
7 ~~ — wv WwW WwW 2 0 0 1 
4 kay we N Ww 2 0 0 1 
7T32=7 bB W M 3 0 0 1 


(HE) N: ty, W: 99, M: BEE, 
EB Chore, 

Dienes 33 i0% Zamecnic*) (i Salmonella ty- 
phimurium & Hemophilus influenzae % FAv>TC 
7 i SBOVEALRIO L DRAWS RRL, 
PVV vic. L BBM ALD, Efe DL-2 
FA=Y 1% ¥EInC Salmonella jt large round 
body £7ry, 1.5~2.0% YIcCZRO L Har 
—DIHH, ¥re H. influenzae Cli 0.5% C+ 
Bi, 0.5~3.0% yemic ky large body + L 
War=—-OWMeA. L(-)-72=-N7F= 
YVb&MROMERE bo Cis), ¥KR3.0% O L(—)- 
RUST bazar VMI ky Salmonella js4 FIES 
&\}, pleomorphism & LHL, PRO L Ha 
BSEE OX S, L(—-) tevy 1.0% wmmier 
» Salmonella O42 Als BZANSAM, L HlroO<¢ 
bis, H@EORERE LTS, 

COL FCMRLRERAL UTHOS 7A 7M 
LDS SMM tL > CHRHICERR EY APA 
CASS VFATS OL MHS, Lietot, M. 


S.? 


is 


glutamicus (C3s\~T, EWOCE < BARDOT 27 
Bic ks CH MIKO MAMEHER ic, VAT 
4 VI Lo CHRILABA RS nie) LASTE 
dd OINREOLE CHAS. VAT 1 VIR 
cM. glatamicus ® EHSL, VAT 4 VIE 
{ESN TYAFYL TOME CK SB, VAT 4 
YVORBRRAMSREY AT 4AVITESROLIR 
mSEzL, SLSWUBYAFVYEBM RBC 
SP RIBADEE bck PbHbAChS. 

4. HAEMROWRALItis Lag vye 

My eye 

SHI, A= YU ViRREOFE CH, lta 
BHe2#e Sly, filamentous form 7##P~Mt4S. Ee 
L HAURSR<MbNSELCATCHS. 

Tulasne $s kX Vendrely?) jk Staphylococcus 
ic PC FR Se, BBOBWALL, COE 
3~4fFITBTSCLRA, Fleming 55) tx PC 
SAFER kit C Proteus vulgaris &# EL, Dee 
BEORER, MLO’RES < hicks & fantastic 
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AUR LSOM, BOWEN ChSE7 L ERE, 
Pulvertaft®) % PC Mic ko HAO AINE 
BVCHSZCLEMN, SOITER™), KR) HH 
LMMOHOMR, ROLBABLA TS, 

#72 PC tks L HWHoOwMicov cl, 
Dienes!0-18) OJKHI7RBPEDA 0, Tulasne 4 
Proteus falc s\»C deoxyribonucleical granula- 
tion #3s= Lie 
Me ATIIOn, Xb6ic Escherichia coli, Bacil- 
lus anthracis, Salmonella, Proteus, Pastewrella 
7e UDALEE CHA ABS BOSS RSM, BO 
BULIERMITHE Stewie large body #PRMTSC 
LRM TUS, 

EDOM Ci, M. glutamicus (ZIsv+Tlt 
PC OR Mic (lmcg/ml LIP) FEF CAAA 
SkotLAnAGHhEtAbn, BEOS MIKE 
ROGER, (RRIBRE LOC LEM. AMOS 
XS, ARATE RRED ER <, AFAR YL 4 Bd 
honit, WHOM MMAR t tk PCICLOB 
FORME S COB RICFS LIU CHS, 

PC (CLYOBMANS*S MHRA Mea 
FU SORE Ct 7c <, TAA Ole 5 DAR< Bld 
Niche Ch S LHR SNS BAIL, OXOTLE 
RRWBRICLS, tirbb, HAM HOrAST 
YGEe 1007/l ic#onL, PCeMRmUcCeASF 
VY Iyp/l OBL ARICMRE UTHSL, (HRS 
MIAME HS, HAL BP CHS (HEL, 
1 ACTIX 2mcg/ml OYE CHBrHsS). 

EAFvY 100 y/l Hic 7 eV BF bVY A eh 
ATE, M. glutamicus (ke AY 17/1 Beh 
CIF SH &UPRITPRILATIRE TERS, TCOrX 
LL, TAPES MAO PRL V5 ACA 
BLONS, COVREEO Rds bii PCL 7= 
YIBF bVYACLAESZLOLMESHS. 

(2) AkvSbeqyvy 

Stubblefield's) (i, SM ji}PEWGIeNArh, FE. 
colt BREYER CLEBGA LK, tirbs, 
SM 2A ECHKE } oe Bb KORE, 
Hoc, HSSvisAvBrREUPBS LTCK< SB. 
kfc, Pulvertafts) t SM MWeBIc kb PALER YE 
FSEMN TS, 

PA CDPRITBW ChodL LRP Ait, SM 
0.4~0.8 mcg/ml Yin CMB Bbind KS 


pleuropneumonia-like body 0 
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BWLECE CHS. BRIERE, PPDaME 
L, RE LGERE STS, 

(3) z4 bet vv 

MM-C jx DNA @RIL AE LUCHA Ch SM 
E. coli (238\+ TX 601k 0.1 mcg/ml ¥KpnC DNA 
ASMOAEAICBSNSA CLEATS, FHS 
0.2~0.8 mcg/ml YRIMIe-CV} CS LIMES 
FUKOEREAT. COLD TRAICHWT, ie 
Lt DNA @&eibordbN TS DBAMARR 
DhHOELTACHS. WRAEL DNA GRe Div» 
pitSBhiltb Seas, MM-C (tM SMHEE 
HTSZLOLEX SNS, TORILOFORSICR 
Wells. 


ES #) 

Micrococcus glutamicus (\i7 = VPBFbYVDA 
HOWE YABST VV ARMM LRA MRE 
CHEARK, L SICK LOTTE <, WEUSL 
VIRRRAMELe Bos CLEMSK HR) OT, 
SHITCOLIRMRE LOTHMRERERL, OF 
DOOLEBREW Sat Le. 

1. 2=VYBOR*AOBBOI SD, FhIV VAR 
ICH4SSMRERSELOLT YVEH=7ARL DY 
YLEOACHS, AFAYOHBED MY. 

2. B*ADARBO5b, vavHorbhyvs 
PIL GRY (PRILA PRO RE LOT, 

3. 7 i 7 BMI—-RICIMAE BE (RET SR L- 
YAF 4 vitt 50 ~ 100mg/ml OECHEARE I 
“=L, 50mg/ml ORinic ko HEILA & BR 
TS. 

4. N= 7) VY(RIBE (0.6~2.0mcg/ml) xin 
LOWS US LWS MKOBMeEAT, TOL 
SOMRIIK 10e CHTS, A=yY ) Vv¥RMITE 
HUMSHAS MK, EAFYe 1007/1 Hen 
TEcrewLoBMrane< nes. TCOTLED, 
A= 7) ViSMRA BS k oO, te LAMAR 
Sterns. 

5. AbVA 4 YY IL RRe BH Et LO 
4, 0.4~0.8mcg/ml yRmic ko, FAK eH ica 
TOKE VPI EAHA S | 

6. +f boa vy C ik, 0.2~0.8 mcg/ml ¥% 
ML OW SUS LUVSMMKOUREA, He 
RIEL FICO ME MASUTLULSS, COLI TH 
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tL, BEL CA nAMIILIBAIE L, Wd S = AKER Meacie, CMBR WREWRRAARER 
LETS, COMMIT, AMON LELOLE fb, WAKE MERLICE < Be LEP. 


<PiBStke. Efe, MARRICCBAOREV RMA Pat 
FIT Te LEF, 
x Fk 


1) ARHESRER + ARG SF + ANP ROE, fME 74: 452 (1961). 2) AEE RB- RP MIRE, fA 72:51 
(1959). 3) Dienes, L., and Zamecnic, P.C., J. Bact. 64: 770 (1952). 4) Tulasne, R., and 
Ventrely., Nature 161 : 316 (1948). 5) Fleming, A., Voureka, A., Kramer, I. R.H., and 
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Soc. Exp. Biol. N. Y., 68 : 589 (1948). 12) ——, ibid. 75 : 412 (1950). 13) ——, ibid. 83 : 


579 (1953). 14) Tulasne, S., Nature 164 : 876 (1949). 15) Stubblefield, E., J. Bact. 54: 81 
(1947). 16) Shiba, S., Terawaki, A., Taguchi, T., and Kawamata, J., Nature 183 : 1056 
(1959). 


Summary 


It was reported in a previous paper that the elongated, enlarged and even branched 
form of Micrococcus glutamicus was observed in the synthetic medium containing Na-citrate 
or Na-malate. 

As the result of the investigations on substances having the effect like that of Na-citrate 
or Na-malate, following informations were obtained obviously. 

1. Among various salts of citrate, ammonium and potassium salts showed the similar 
effect to that of Na-salt on the morphological change. 

2. Na-oxalate also has a strong elongating and branching effect. 

3. Generally, amino acids promote the cell growth of M. glutamicus. The large quan- 
tities of L-alanine and L-cystein, however, inhibit its growth. The elongated and enlarged 
cells were formed by the addition of 50 mg./ml. of L-cystein. 

4. High multicellular and elongated bodies were formed in a medium containing the 
low level of penicillin. Such multicellular bodies, however, were never formed in the peni- 
cillin media if the biotin content was increased to 1007/1. From this fact, it seems that 
penicillin strongly inhibits the separation of the daughter cells rather than the cytoplasmic 
division. 

5. The multicellular bodies never formed in a medium containing streptomycin. But 
a vacuole-like structure in each cell was formed in the concentration of 0.4-0.87/ml. of 
streptomycin. 

6. Remarkable multicellular bodies were formed in the concentration of 0.2-0.87/ml. 
of mitomycin-C. In these cases, the length of cell is 10 or over occassionally. One or 
both ends of these cells were swollen and become so-called club-shape. 
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1 JevBrve=74 4%, 2A. PRY bifid bacteria HeETS, 

2. 7=VRAVY A 6%, 2A. BAD ORRL, DKbMDONS. 

3. y= Ree 0.05 PAI, 2 ARSE BEAD d ) ICS MK ChHS. 

4. YavRr buys 2%, 2A RSE L, KltweA, CABKERTS. 

5. Yoav Rr bio A 4%, 2 AS, SRICMAIIPE LEA, & SICRMICPRIEA LCE 
DYRLED 3, 

6. FEIT VBP PVA 8%, 2ARE. BAKOMERISEDACIEWAM, AKbMdon 
b. 

7. vAF4Y 50mg/ml 2 AHH, BEBLRAG, KMPDORAL)DN CHS, Ais CS 
L< BK Le (PRICK ADRET 3. 

8. %=y7)Y-7.8mcg/ml 2 AR, WSUS LI MGRS MIKE, Las LaBiceAiELT 


WS, 

9. X=ayv yy 4.0mcg/ml, 2 AB. AMAORIL 2 MiIORBChS), HETSAS MKS et 
DEER UTS, 

10. AhUS bet vy 0.4mcg/ml 1A. ABSA LER, Wie (v) 2 
Be CVSS. 


11—16. +4 bw YY YR. 

12. 0.6mcg/ml, 2 HSS3. 

13. 0.8mcg/ml, 2 He#, 0.4~0.8mcg/ml ¥C, ik, SMIKOBREEMLCOS, 

14. 1.0mcg/ml, 2 Ai. POA MIAOBEE RTS. 

15. 2.0mcg/ml, 3 HEH. WS CS LU< AX» metachromatic granule (mg) &# AIM LTS. 
16. 4.0mcg/ml, 2 Ait. ARS LICTIABSH, /PWAAReET SS. 
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Cee ee at Oya Ba 


ae = 


Hiroshi INOUE**: 


SH 
ifs] 


Supplements to the Knowledges 


on Takakia lepidozioides Hatt. et Inoue* 


1961 42 6 9 16 HA 


PYVYxtEYY 4+ a7 (Takakia lepidozioides 
Hatt. et Inoue) (iH AH Clb), ORB 
TSB RRA b TS LOMEATI ML ro CS. I 
BB + Ak4#) \kARABADS Carobryales [FVW4LOCH 
SEL, SHIR) AR FVD SAMOMM 
2 n=4=V(H)+V+J+JS(h) Cho, Hess 
RY OYA LO%OLL, CHEIERMEL 
CHEE ORAM OFC tft Uc). 

Afelt Takakiales % UCihwLarans 
OH, MARPLE OLARE LEACES, ATY 
MOEECHBHS Hic, EOE, MB + kA) sk 
ORE 55) (Xia INRe ER, sR Le. BRITO 
Cid, RAB FELD IE “BU LCR SARE 
V5 lems7eue” & Liew, ARBB + 7kA%*) (RFE 
(ZJKSSNZA CSE LK. 

WEE COMBI MAI, 272 b}-AMH 
WkoTAZAOHELO TCI <, HMB *¥ eld 
DATA TMF RIT ko CKADNKELO CHS. 
ARMIiCHsv» Cit, 195842 8 FICRHRARHICw 
CHALKE, BLU 1959 #38 ABW Ry iiz 
ts CRELEBBEAWC, 27 Rb-AM PD 
FEVER LUCA DHKEAMAERESTS. MBIT. 
C7 BAREPBR C12 FRI, 2-37 7 1 VIE Op 
PBSOUREL, ww heV IY (AA FYr4 
VR) Who CHALE. 


* RRA AF SOFAS BLO MAH 
OREM. ARO ME 1961 4 AMD FS 
BAR MARI Vs CHE LE. 

** Botanical Institute, Faculty of Science, 
Tokyo University of Education, Tokyo, Japan. 


HORA A AEE WF 


a ft R 

1. STAMOS 
SAMORMM GF2NA) Cea, =fABerr 
WnMeeA6nS. Kommiat=H mic pene 
bo Cis), COBABMICHL CHIRK & zea 
Idd. ZAMOKMH GF1MB, C) cis, 
FAnmlmze 7 i» PRC, CHIC SMILE 
wnAe + REM CASA CHS. nso pwc 
Lo CH US 3 fAOsialtt, WFPHLEEAAKCE 
LA BNEW. 

nail 0 AB It Eo CRRA He 3 Oma 
i, ETA mMaoOn A Micke Alc B—-HoOD 
Bet S(B1RB). COCBMAHE 2 MIO 5 
BAMICHLIET S Hills, BONMBO MNalIZMEL 
THK bOCH), MBIT LicMliz, HOR 
KMBkLOTCHIZOS< 2~ 3 BOMMa, WLOLO 
MUIIZSIMETSLOCHS. Tots, TAM AEO 
UO AIO A APT IL RRA BA b trig. 

2. ROM 

AM ORAOHEAO— Dik, EOP DRPLRIG 
HON CH rica, MRAB + AA?) Js KONG) (LK 
AUHS ITIL — WI OMR=jFIITMPIL TWH ELT 


0 


ZAMORA 5b LB bAreoL<, AA 
fAD=DWHOBOBOPS—-BWT OAM, 
AMOCE <, mAIoOA Bit ko CHMS hie 
Mia GS1RIB, COS) OB—-HPRic ko CHM 
Sic O Milas bFAL CWS. H2MALA 


wn AMIE COZRMOMHeATAS, 1~9 ke 


PBEICBET SIAFLRATLOCHS. H2NB~ 
Fix, AD1~ 9YOSRBSICHASTS IAL BRD 
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Fig. 2. Microtome sections of Takakia lepidozioides. A-F, successive sections of shoot 
apex with ca. 10 » interval, x 140. Numbers (1—9) of fig. A indicate leaf order from 
apical cell. G-K, development of flagellum, x 300. 


Fig. 1. Photographs of microtome sections of Takakia lepidozioides. A-D, longitudinal 
sections of shoot apex; E, longitudinal section of flagellum primordium; F, longi- 
tudinal section of archegonium; G-H, cross sections of shoot apex; I, cross section of 
venter of archegonium; J, ditto of lower part of neck. K, ditto of upper part of neck. 
ar: archegonium. ac: apical cell. s: cells sided to apical cell. mc: neck canal. eg: 
egg cell. st: stylus. a: shoot apex. A,xca. 200; B,xca. 400; C,xca. 300; D,xca. 80; 
E, xca. 250; F,xca. 900; G-H,xca. 400; I,xca. 1200; J-K,xca. 1300. 
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Fitko Cm LEbODCHS. chb ORI Thib 

HEL, COBMBACCL, RITnMlao 
SOWHIC Lict8o THIAIL TS, Lael, EO 
beh d: SHEN SIC Lieto Ct, Animwonkm 
ICMP SME DSRURFEUTWS. Chit, A 
MMOD BABRKWITISTCSSLITLAOCH 


AILFZOHNS. TOLIRWEORUNIZES 
C, SHASSARITCHICHIIGS E45 (Cie Tl 
d. 


HORE HMliMirboFTh—c, cChrasbli— 
HEX TMT SOAR AA CHS. LdxL, COMBE 
DEBBIE Co UCL BRT SBAMRASH 
S(B2MAO 4,5,6,9DSHOSCL<S). TOE 
5 Beli Clk, THMMERETSR, Wie 
Teo PHORM DRoSSTOSL CWS, 

3. INA ORE 

AFHILAMIAT Y VOW CALMS Tr7cDs, RED 
* 7k#2) tk Queen Charlotte Is. HOR‘ CIP 
ea L, FOB, M55) LA BREORRCSL 
aN Re aa Le. WWHEORHMHITLSROWI 
Ore Strife) Ds, AEE CULL ERS 
X Cv7Ev, 

Ha a O FEAL SEO Avi AM OVE < “C48 c Tedd 
TWO, FAnmmltO 4 OLX oie < MRL TY 
fev, SBI1MA, G, Hs LUSH 2 MAD] 5 vz 
ASL, BIROMABL—-HOMEI~ sire 
(IERIE EK LETS, 

NRO LIS, INROSRONWI/4AS 4 
», 4~6MWORS CHS. MM 2 ~ 3 ae 
OkES bb, HOME CSS ATP ITUE (A511 AIT). 
ONAMIGIL, BV INAE CLD 2 5 CSD, Bio 
INGE CLAS CICA LTWHZLOMSv’> $1 M 
F), BROGIN Ge MA Lew, IMNgardv-dy 
HABRILCDSTCLAELITHKLTWS, [OX 
Lik, SHARC hbhhpokKOLeEwWM ower 
LTS 

EIN RLM Db XK OILBSLEAG, BO 
FOPAITHILE o TUS, BOE SI 2 ~ 3 ania 
B26 1lMlgetes GEIMF,J,K). <vow 
yt 10~15 HMIIORA TC, feTle 6 WicweA Crs 
 (81BK). Wwo 5 Maoxwmeikdbrabrrass 
FEDS, PVT 35 ABILENE E <, VIO ESO 
#9) 2/3 ALP CS. ZORA SEN LO AIT 
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SINE Cit, BLA LOBES, Drv MlaoMaas 
Be ICBALTHELAW CWS, ZOBRBAILO 
INESILARE C RADE MAICAbnS, 
Lal, COPMALEOMMADELO KO Fok 
NEC, BHD, 

4 BROS 
SORBALA bik, WMEAARONKAREMLT 
WS, CHIIBMLAS I> COSA, FOF 
POMS LVS KPBETSOCLUDS, fo 
KREBATIVMLRdSHS, HOKSAL LTE 
(Rit AE LE Te a TUS, 
AARORBE, ZEMORR MOF CFO 1 
~ 2 8OM(RBltdbicS)PoBEoTHOS (HF 
1ME,B2NG). COMA Mass 72s Mec re 
BL, ODD CRM E ABEL UDG ES 
(B2RG, H). AMOABMRO MK Ale) 
POMcL 7 oeib, AKAGL -bicHMlcze 
HUCK S, COTA, FCCHERAAHBLT 
WSETERS.(B2N1). COMRIERK Mlale 
dso TWHSA, EHUAITIZHA LT i, # 
MIM AOKA IC ko CEHSHNCS 
SOM SHAUL T< SHI, LFONARO 
BRLAEA CLIMBER LSM, Bickbas 
HErLMEY, BEES UBMCMRE RISA RIE 
ERC TORMM—BO Milgs\VEC, Twines 
ABE (MH2N0J). BLE6<, WiHBwomMase 
RBABAMRE CHV TVSZLOL#EZBHS, 
LoL, HSREITMR LEROAAR TCE, EO 
Trin AUG & TARR 7x Ein ADVE RRS TUS, 
WTHROBS CL, MELONA ROR, ¥ 
ORNL Mids SAN 1 ~ 2 MGB Lavtkv»>> Ty 
TeV (GS2AK). COCLUEBHLT, Bre cit 
BNC Eds ORE LET VERA SHS, 


s = 
SPR h-AMHICLS LMOMAE RIS, P-Cle 
FREE It Eo CHR SHEED L EVER LT 
VC, ALT SCL E OWE fe tid & H ZSLOCHS. 
ABB + 742) tk, Queen Charlotte Is. FED 2} 
CHEM AO < OE 4 WO MAL DS LIME TV 
2, bROMS Ci AS res LOW VF 
DEE CH 6 FNIC7ro Clte, HINO REIS, AR 
MRSS) OMMOCK<, CC RMHLSR bn 
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©. aobaeld, KW Lick 5 ICM bAIZHL —O 
MRELD, MOMBLAU<K DBCS, YH 
Dhar MIA 4 MRARA BHAT LIX, YIN 
DEL YO OPHEMBS < Dirwe & OFM LE THe SBL 
ZLONS, GUROKE, BMOWINBRL 
EIA OG N RICA Le RRB, 

JAvin tila OF ts k U4} 211k, Carobryales -> Jun- 
germanniales acrogynae 7; }O#H Is LURK — 
MICA SNS %OLKERY, WHMMO= UE 
DNRIZA] URES CHEK (COX LAM MAIC 
IRMEA ewe LORAL io CVS) 1, ROI 

WHR iro CS, ZARB Cis, BOBHMIO 
ARM IC—HSOOB MSH, SEARICHIITS 
Ce OMI LALHS., 


if z 
FYVYXEYY xX ATO 7 BbH-ABMRE EM 
LUM Lich, MOC LBW SAL frok, 
1. SOAR CH, 1 MOAB HAMIL & 
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4) ——, Cytologia 24 : 138 (1959). 
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ITSM CHT S 3 HOKE MMRAb6NS, TAs 
MUDD FEN Lo CH BRS trie 3 HO MMS, EE 
UCAS & CHES RS fev, 
2. ZOLEAAU CH, it HMOs De 
xy oil H, BILOBA ACI 
Lp a elkuanSlion, FMEA C 
om es 

3. INA OMAIS 2 ~ 3 MOREE Gb, 
VAs 6 FINCH S. REONARVLIE & A CHS 
bb, BLY OMLMEBID EV, 

4. hls, SORR Mad» 56 1 ~ 2 BARO AM 
FADS ZS ARK & Too CHM NS, 

5. FYV xe EY 4x A7 OWING LOA 
DRREILH & ORCA ATT LEMS. 


Met OSH), CHBEVREVKAK 
FRRICRMTS. Eve, ARBMPEBLICIL ABE 
Bitdicd CRHRWRES, BRIN LB Cit 
We veer. a CR<K RHOREET ZS. 


ak 


2) ——-7K@IER, [A 20: 295 
5) Hattori, S. 


6) ART, REAR MER 1 (17) 


Summary 


Takakia lepidozioides Hatt. et Inoue was studied by microtome sections, and the follow- 


ings were revealed: 


1. The apical cell at shoot apex is tetrahedral and has three cutting faces. 


Three 


cells cut off from the apical cell are all of the equal size (Fig. 1, A-C). 
2. At shoot apex the leaves are in three vertical rows corresponding to the three cut- 


ting faces of the apical cell of stem. 
arrangement in three ranks. 
(Fig. 2 A-F). 


Later, however, the leaves displace and lose their 
The leaf primordia often divide and a pair of leaves develops 


3. The venter of archegonium has the wall of 2-3 cells thick, and neck cells arrange 


in 6 vertical rows. 


The archegonium is of the saine origin with a leaf, and it has a few 


chloroplasts in the cells (Fig. 1, F-K, and Fig. 2, A). 
4. Branches are originated from the cortical cells, which become meristematic (Fig. 1, 


E, and Fig. 2, G-K). 


Musci. 


5. The structures of shoot apex and of archegonium are largely similar to those of 
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Michiko HIDA*: 


Studies on the Bark of Metasequoia glyptostroboides 


with Special Reference to Giant Cork Cells 


1961 “- 7 RO1S AS 


BIANIT ISS S BZ OTB REIS NE DO PBPAIT £m CHF 
BMG, LIELITMOMFWRIChRS. 2Ru3T 
7 CLPAILRE C, “FRITILEORMIS MH < HE 
BALEMKNCKRbh, COPICIRMEDAKADS 
S. COR, BALRICRIBEL, RORMITILH 
BORLKMAH A UTWS, COMORES 2—4 
ER RRERICKISA DNS LO CHS, Lieto Tt 
BOA CEL PRET ORME TSR, BEATHKC 
ERITESA SHS, SOICHVR CIRM E 
oie < FIC, BABAK RSITONTETAY 
CAITHEDMAABCES. HE CAAMISHER Licht 
RlICODEN, WK, KRiBi2- SLABS. 

COLD MRO MEE MRFHIC LON 
fae, BORMILAAICHRS SKHO 21 7 HHla cS 
SSCLEBHDMoCOTC, COICMHPS, 


MH # ds EUAE 
AK UA Ss LOKRKFRKFEO A Feat 7 
PBHWAWADHESOKREL DO, FOMHELE D Bt 
KORE ER Lie, Ek, SRMWOMNE ML 
Ja YAY ERA Y CHRE LIC LO, TOUCH RI 
LIF SRO PY MZ ae L CUS EER MITT, 
COMERS MEL, AX SEMEL, are 
MIIOK & SLD MIO MBE Cd bbLie, regs 
27 RIEO WSBT A MS ewle, We 19 
RET hAYY YAO 1mg/1 ml KY wicoI, 


* Biological Laboratory of Osaka Women’s 


University, Osaka, Japan. AWE FAIA MEK 
ot 


eB. 3 


WHR (Ex CLONER, COELHO ar 
TIERS ORM ICILAM CH ict, thorRHicsis 
Vs Cli fd LUV GROG Oiritdso kk. 


5 & 

1. HROWR 

PR OS SPMAILREA TC, ICL AHRE HOT 
VS, BRMPEIL ALR HORA CRS It EDD EF 
LCR Eo Tl, 

BP MICIsvs C1 BORNO Fit 1—2 BORK 
Mak DRO PRRBAAL UCHEDS. KEO 
5b PRR 6 2B Ade) »b52—4 BO Mls 
REICKS < DRARMITR OW, HRA IELAL 
GA CWEW, ODI, COMROA Ic ar 7 
RIGOCXS, REOADMH, Tirbb, ABOF 
WOPRECH IE hd S, MBO MES EE < 
FRLCKRHOS, MBO MWB Ch Talc HE LT 
WEITF REV, 

PALM B CHM Belew, Fig. 6A DIG 
ICH SEILHEZL L, MBIA SS. SHLUEKORO 
AHL ARAB EE Cie bd CHS, MKROWB SMO 
BUM MIL Fig. 2 CASLICKBOM, tired 
BAKE MMO AMIS 2-7 TRIB, Hie 
a7 RE, ARIC a 7 BIR LCS, 
FRIS VY ACO CE 2a FIRB 
<Beote, 27 eK b SMO BEE Hake e IL 
BUELL, 2VZ7{EL CWS, HITED SOR 
MO 2 7 HBL, ShHEOHO an DIE Lie Bie, 
PFRRISIORKNC, MMKROKRORMI 2-38 
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Fig. 1—4. 
1, a young greenish twig; 
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~ 


Transections of twigs of Metasequoia of various ages (x 600). 
2, upper part of a twig, one year old; 


3, basal part of a twig, one year old; 4, a twig, 2—4 year old. 


A, epidermis; 
F, xylem; G, periderm; 


B, hypodermis; 
H, initial of next periderm. 


C, cortex; D, phloem; E, cambium; 


Fig. 5. Surface view of the young cork tissue (x 600). 


Danv7 tee 2—-3/8Osa 7B Loko 
HCBRibNCS, CORO a7 7 Mito 
@uiH, tev. LAfaeC (Fig. 5), Be Clt-FE 
FICO OB FeV FEE L-CAEAIAITIE LS WA 
CurS, fRHE Lie ab 7 ANABIZ OV CHE Lee anh 
ORKESK 3,575 ew <b Cho, BRAS 
Bers ABOd 0 lCH OKI MBO UM 


bUL<SARDYFOnS (Fig. 3), COTAITIL ATA 
ES MEL, =A EA (Thuja occidentalis L.) 
TEITASHNSLIIC, AATBAME BNE, Ze AmeDS 
EEA AIT IBA, Cu» 4), 

2-4 RITTOSL, RKILHCA Cre < tR7c> 
LAIZAS < lalF Fig. 6B), CLOAMICBBAO 
ARR C4 22S EKO DROR ME Isls > TS, 
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Fig. 6. The twigs of Metasequoia. 
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A, a twig, one year old (bark cracks lengthwise); B, a twig, 2—4 year old 
(bark sloughs away in rings); C, a twig over 4 years old. 


a 


Fig. 7. Giant cork cells. 
A, free giant cork cells (120) ; 
B, those attached to the surface of 
the periderm (x 600). 


RIM LICMMNS 24ER CIA, KIBO MIs LU 
ARO C, 3 —44ER Cla TRESS 
CAM, Ted dMBORMICCRSRBIC, AK 
BKLOMBO-MB EL Otro CWS, HROKRHICO< 
KOREA & fe av 7 Hae (Fig. 7), rIAw 
1S 3 ARITA OM MEME Cd S, 

S OICFE NCR CLR Ic rb 
RICBBbNTHSEA, KOARICON UMC ME 
ALL (Fig. 6C), WerxHe Lee CENTS. 
FiLbb, MB LCMKIF CAPES THE DA, 
RED SRA ITIIBHSY, = Ofet BZ ee fH BE LTA SH 


i, 27 sail & AO MMEMMMa D7 Tlie, 
Lal, 2-4FRORRMITASNS LjtKHa 
V2 als ad fe bizds> te. 

2. KH an 7 ha 

2 — 4 ER ORICA EON MITA LT 
WokoRMt Fig, 7 OA OLS RHERI 
MATEO A OREM C, MUNN It HAE <, = 
MI{EL TS, COM 1000 (Rico. CHE 
& YE LU ChEx eB RRMA Fig. 8 CHE AO 
FRIx 1,430—44,330 n2 G, 405% 10,0102 O 
SLOMLoLRAS, PRICKSH ANZ Mach 
ScreEMbPokr, COMMBLoOPSHKTSS 
OPRMSTwDIC, FHMOMN& HBL CMIOK 
SSM Le, AX SITY CAPHEOKAO 
MADOC SHITE UF C(KE7E SOT 10,010 
—11,440 22), (LOMB FI SlLSHITOCO AW 
J Mk OPS <, MKREUME CWS ar 7 anf 
1X 3,500 nh? < bvvicg kev, Lieto, Bey 
LAW MIA 2 ERICA SNS LPS RB MO 
AVILELKE BOL ERIM, COB, 3, 4 Hei 
REETFSOL, EKTCOCAOMMULT< SME 
(hav 7 SH Is KOMP M HED 6 Tro THOS TE, 
Sb, ROMMORMC HAVEL Uke Me 
MLSE Fig. 7, B) HOUTA AR 
OAM, Tkbb, MMO MMAROAMre Ric 


Le Sar 2 


Nov.—Dec., 1961 


8 


Number of cork cell 
S 


3 


2 . 
z 


1430 42907150 = L00]0 12870 15730 18500 21459 24310 27170 30030 32890 35750 ut 


Fig. 8. Variation curve of giant cork cells. 


DHS CEL<S BLAME, HEBEL LOCH 
S22 ¢BhProk, COT LIMRORBOA HEL 
PRICELA SHSM, FENTLOCLLROKA 
DE&DATERICES LOPASNEWTLEE MAC 
= 4, 


= bd 
RAARIT 38> CHIBE LT X SAIKOBIE VY AWA 
C2845;9), KORE SITUS 2S, AB 


RCE PRL BI bo CHM RBERT BAM 
bo, AR 3247 CUHMBOMITHLELIK, 
vl — 2M CLMAL, FBLA <UL 
DS, BLARITMATSRAURE OID < eB 
L, A¥ (Cryptomeria japonica) 7rEU CASE 5 
CE ABMANSBRIDERL, CORMDAS< 
Har Fos Cv<), 1 FROM, 
FH, KBMlad bird, TCOMMEPOPRLO 
mee CE <orrioekL5itiro, ROKBH 
GUL ABM MEDS PRAICAI09 TW, 

2 — 4 ARE CILMEZE Cie < RRR TS. Ch 
GIF, FEFVRLITCASHSHCHSA, TAHA 
MCLE FROSS4EOICA GNSS, CORP 
ORR av 7 MME F< do FDO ATA NED 5 Tr 
0, TCOPMNMC MAM HE E CX PoE Lie 3 7 


x 
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MDs 57k CWS RLRIDEFEF S, TOL 
CLIL2-AREIIASHNSZCL CG, MEE 
ATERCEL, FRITILC OFIPMEMILABHF, BO 
ANS LIRA Ch SD, EMO CHR AME 
eAT. LiMo, COLD MMA ees 
4 7 CUPPA ICEROS DA TOHMNTHEC ZELOL 
did, 

COLE, MICAS LECWSELR MILAM ar7 
Mile C4 14,586? Ho, AMCEAOIRE MS 
BTEMCES, COMRITOU CE LIOW YO, 
AEF OARS ITS D7 TEP GIT IBZ D PIES O AES O Ay 
HeoMPRICIEA LAVELLE OL EA SHS, TO 
LD ICHEB HEL S MOD IT BARS S CLUE 
PT CUCRAIC Ls CHANEL), ALEC 
tka yv~+ (Sciadopitys verticillata) - ava 


yFY (Cunninghamia lanceolata) 7s FIChLAS 
HEWBRCHEB, WITNOBRITEA FR eALT 
MDXL35ICPMEL, RET SC Liab, «2 
47 RAH (Sequoia sempervirens) Dik CLAS 
LRA RAMONE isl, CONBITHROS 
DORHS, Chika 7 Halls & MRNEMMd> bes T 
WOD, COMBITEA Re AATICASLI Mes 
2 HID Pets LOUMERELA SNS, bi OFM 
DIGRRe FULTS. 

AKA TOMROMIMILKMOF lL = 7 HK 
(Pinus), 77~ YB (Larix), 4 +2 7B (Gink- 
goaceae) DhHOLACISICKBOPMBICEU, B 
=2 7 7B LEER ON IS, Tir SABO RB 
Pie, P=MIDVASMMOAMITA CS, & 7 +E 
(Cupressaceae) DE + 7 Yy & (Juniperus) 7k & 
CBI) 2 7 BRA OAMITA COTE 
DH DWT S24), 

Bb 0ICDEA, CARO CHE bw kAM 
THIZAFE FA RODPARBLICE ¢ tL LEM 
oe 


jak 


1) BAB=EB, fixe 50: 206 (1936). 2) Eames, A.J., and MacDaniels, L.H., An Introduction 
to Plant Anatomy, pp. 248—276, N.Y. (1947). 3) #EFE54, MiMMRe pp. 381-386, HrAE (1954). 
4) Esau, K., Plant Anatomy pp. 324—337, N.Y. (1953). 5) \@ it, NAWIBRES pp. 220-224, 


HR (1935). 
der Pflanzenanatomie 5, Berlin (1928). 


8) BABES, fave 50 : 318 (1936), 


6) Pfeiffer, H., Die pflanzlichen Trennungsgewebe in K., Linsbauer, Handbuch 
1) =HR—- 


BABH=E, AAMAS 17 : 877 (1936). 
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Summary 


1. The bark of the twigs of Metasequoia cracks lengthwise when it is about one year 
old, while the bark of two to four year old twigs splits in rings. The thick periderm 
which covers the trunk splits vertically and gradually sloughs away from the surface. 

2. The surface of the bark of 2—4 year old twigs which peels off in rings is covered 
with numerous brown particles. These particles are giant cork cells. They are spherical or 
ellipsoidal in shape and averaging about 14,600 2 in their surface area. Those cells origi- 
nate from the expanded parenchyma of the bast, taking a spherical or ellipsoidal shape and 
then separate from the tissue. The phenomenon is characteristic of the bark of Metasequoia. 

3. The first cork cambium initiates in the middle of the cortex and the 2nd periderm 
arises from the pericycle. The periderm of twigs of more than three years old originates in 
the phloem. 
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Chlamydomonas moewusii var. rotunda D Wes AT 
RATA HIST AE LGKOM ES 


bE 


Yoshihiro TSUBO*: 


ah Tee 


Effect of the Supernatant of Illuminated Culture 


on Dark Mating in Chlamydomonas moewusii var. rotunda* 


1951 427 9 19 A OA 


BIR OA EATEITILRHORE L AICHE 
TH STELA, Klebs!) W5v> LiF LIEMHSNT 
230, Heide 7 7 = FEF AlCoOWCEARO 
TCEMMS < OFMICOW CH bNTWS*4), bE 
AB, 2O, PROMEFORAICHT SHOVE 
Elk, SWEAR CHCHAV RIC LO edu 
Rigo bOBHS, Lewin’) OMA LCS Ch. 
moewusit Cli, TOMBGHL LER ORDITH 
# HZEL L, Forster & Wiese”) (CLI, Ch. 
eugametos ClLHERIXIBAT ChRAT 5 fE 7 & A 
L, MERRIER DEEL FS EV, —H, Sager & 
Granick®) (ct E}wve Ch. reinhardi (tfijz2O 2 HL 
Richo, ATCOERLI S28, COMTCIAHBY 
—2 OFT ICEREDOBRILAWE S < tothe 
AR Licmilals, Ke S Cie< Choos GEA 
sO, 5, 

ER OMEL, CHE CT OATIAEIT OV CH 
Fee et Cure Ch. moewusi var. rotunda C% 
PEE OUR BARE MZ RAR RITEL, It 
BEARCAT, SDATAMUATMARONSTL 
UT CCRHSHE). LeLG, HO%E CH 
Dds UDR GMT PHAITAR Lick Ci aD 
ld CLA Lic 4 DO CH Sdi—_ fT CS 
PCCBAHDE LOO L, HKisMMORAENE 


* Contribution from the Biological Institute, 
Faculty of Science, Kobe University, Mikage, 
Kobe, Japan. 

*k The Biological Institute, Faculty of Science, 
Kobe University, Mikage, Kobe, Japan. (##F 
KFT RADFRS) 


HOSHSEDHS°2, Hit, (hoOflzovwc 
RMESNCWSEOL Bie, HOLL CHW BS 
FEA OOL Cho REO LK MOR 
AAAS RDSSTLAFSL< BHShk, ARC 
LO DRORAITNT SCH OSHOVPEAICOW CH 
Abiric Pic RROREE Beir 5, 


mMHE AE 

Chlamydomonas moewusii Gerloff var. ro- 
tunda Tsubot,®) (£42412 Lb MHA HIELO, 
HERES ER, MEME Cbs. COMA, BAS 
ROCKTAG ic k SHB PE Gsk4 2,000 lux) 
“Chia ea (M-N ESS) WHS S. RE 
Ose lkIs KE 25° CHS, 

ACIATe ROBE: (+), (-) BROWER 
REHENE ~ CBR T VU — bRMITOAY 
1O~15H DEE SC, THITREARALS. OW 
CERURe Mz Tov wee (M-N) CRe BL, 
Rspric 15~20 RO, COREE EAMES 
FEAOH SMX GS cLEBCXS, tihebb, W 
RADHA THE, MEMO HeAkIc ko CBO 
4 MIO RA KIS) BASS, CORR LreMlid 
PHL OPS < ABEL, RO OlCONT, 2 
{HO MED» b TROBAM MS < CXS, CORA 
lL MOTE C1 AORCBAAOME LIC Lo 

* fe here beth: NHiNOs, 250mg.; MgSQO.-7 
H,O, 175mg.; K:HPOQ,, 75mg.; KH,PO,, 175 
mg.; CaCl,-2H,O, 50mg.; NaCl, 25 mg.; FeCl;-6 
HO, 10mg.; Microelements (B, Mn, Co, Zn, 
Cu) 21); Dist. Water, 1 liter; Agar, 1.0%, 
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CHEANTCH)D, COBOEECHERIT 6 RE 
LUX, FCOBNAERK > CH MMMILME L, 
EAFL iS), 
HWEOMATe ARE AIEAE, WIV Tile 
RW Ch, MEKEZGMLTNE, WE LM 
lst Cie hbony, BALI OMT CHE 
WefFo TLEAOO), COL XSL—ioO sv 
-39(LAVOAWMEBL UCM REL, Bik 
Sa ICH OME AEANI, BHAHITBITS 
MOH AED RHETT SCE MBCES, AARC 
RU Clk, BA, FOMEe IAT CHIR » i 
s(TSVITIL, BSAC, RE LOROE 
7Frvke¥vic LOW HEKPSORGLODI C 
Fifrote, iets, HREM RAR, BRETROU 
FEE CO 2 Wes Site & SELIG RA IC 8 7e, 


ZR te R 
1. BAIT SIO (EMDR 
ARRAOTA CORAICHWT, MAO L 5M 
LCi SNL, RHANSECUR<K, TC 
CHBATIT IS Cd SEERA HENODSTCLERL 
7, Ladsl, Table. 1 ice SNS £45 Iz, HF 
SHETLITLYD, CORBA S OITH OSH 
SrEWHbSeChHS, ER, OLKOUHE SUK 
MURS SAT IT ISU CHAS NClZHVWIT HAM 
fFO 5S, Lal, 42 Site Mlhe o RBA I 
it, CORGAMEIAIGM ITI. CHK, FOR 
SSSCeECIL ORSON, COLMAN 
PRBS FIST LICL ORAIC AMR pROLER 
MDoSHSCL, SSICTEHAMMINITHH AHS 
CERMRATSLOCHS, 
SC, MIO RAHEDIAMW IC ko ADoNS 
OD, REMARK TS EC EHELORR 
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REA DBETRO ChSID? COTLEAMSK®BD 
It, SRSH OR Me 2000 lux OMIEKT PITH 
L, R238 > CHOMMICE LCEDICESL, 
2 EDEL ICE OR DICE NCW SRAN ORE 
LOA, Fig. 1 iCfO—-PlaimentwS £5 
1, MSMUA RBA BARAR bo ToS AOA, IO 
HEATER BST EMCES, SLC OBS, 
FAO RIC I> CH MIO HABE 2 ~ 50% 
L, PDIDDOSXERLEAD, BAT CORAHED 
DUEVL KITIMRBAHNKMBOBAAES tHic 
I& CCE < SH HDHA OA CH ore. LaLWv 
DISBEITS, MMR 390 POAC COLS 
DEBIT OV CORK ORAHA GS I 5 iciko 
fc. EMU ORASAE ICOM COSMO RMHITH 
MRASHSRACOMCLERL << dbebreww 
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Fig. 1. Duration of illumination and in- 


crease in mating activity. 


RUBBO TV — bICBISAZHOSFAREMRCH 
CAL THSODSMNEY, CORA SIR 
NeEtotLRbhnSs, rhs, BRAC ROZES 
DS, MRSA CHAFIIC FIT SILOMBICLSLO 
CHW CL ETEDDS ROI, CARB CRRE 
COAAELA, COBPITA Vik OBAMA SHE. 


Table 1. Effect of illumination on mating of Chlamydomonas 
moewusii var. rotunda. 


Procedures 


Mated gametes (%) 


1. Mating of dark-cells in the dark. 


2.4 


2. Mating of cells illuminated for 1 hr., 


(a) 
(b) 


in the light. 
in the dark. 


40.0 
37.0 


3. Illuminated cells washed and re-suspended, 


(a) 
(b) 


in the light. 
in the dark. 


36.0 
3.5 


- 
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Ke, MIO 20 RRIDE 48 BRE CE< 
LeILS\>, [ OMBBS MAO MAE Te (KP SR, 
Lictis TC, WEATIC SIP SRAS ie <tr LBP 
0, ERCOL Dd feMMla cae 52 Ch MO 
HEMIDEET S E Citarre) OWE L, RR 
RA HEDS XD CHV LV} MBL ro ke. 

2. WMO RA is LIST HRA LI KOB 
R 
HUMOR C, MMAR Fide k Sz 
ig bRORA AME Dib ICH ANSLE 
Abn, £26, RICCI OMBOFERASE 
HSC, FREESE 1 FO LARS & » (3000 rpm, 
10min), CHA MIO, FORA 
BLISPMRICOWCHMRSZTCLILe, ee, # 
BARRO 72 1 FAV ee MIL SS CARH G 2 [B 
His TMG MIE CS. Table 2 icyeHapsme kit 
LCi *# DHAG bt CHA SDHREIEN, Ik 
ORR A ae KROES AA RRM ROA 
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LOMESHTWSE, COSW, AUAFBROKRDO 
be Ut, M-N Olsas, ARIZ 7 2 FEAR 
Miia brtWS7=vBRY —#, 0.52/)), 
Howiseeey —# g/l) MAR ’OIZOW 
CHT aR RE RS SDDHETHANTWHS, TO 
RRA bbMBSEXL5I, (+), (—-) WFPHAOH 
BHORWSHNC, BRAN E EG CRE K 
WORGH & & OME HA Lick Xl, ATC 
SPARBAMECSOL, S5lz, (+), (8 
BL&LESGS LICL ORASASWREMWL, 
[PAE RWC MORASS FATS LVS 
LDdbArS, Ete, HR LHRe SE CHT 
HITHMELELOCS, LRMBIVUS Ct OWR 
Hees CWS, —H, FTYAFVIZOBT 100° 30 
4} DMB 3s C Tro eh O CILMITHA & LETS 
Limi Ritinote. Lieto t, COAMWHIX 
X bdo TKERERSEOD LI CHS. 


Table 2. Effect of the supernatant of illuminated culture on dark 
mating in Chlamydomonas moewusii var. rotunda. 


Mated gametes (%) 


Combination in the mixture Exp. 1 Exp. 2 Exp. 3 
1. D(4+)xD(-—), 1 ml. each, plus 2 ml. medium*, 
a) placed in the light. 54.8 70.8 78.2 
b) placed in the dark. 28.0 SSS 42.4 
2. L(4+)xL(—), 1 ml. each with medium* 2 ml. 59.8 a ba 
3. L(+)xD(—), 1 ml. each with medium* 2 ml. 58.7 64.7 = 
4. D(4+)xL(-—), 1 ml. each with medium* 2 ml. 58.9 62.8 aa 
5. D(+)xD(-—), 1 ml. each, plus 2 ml. supern. 
L (+) supern. 2 ml. 54.3 73.3 — 
6. D(+)xD(—), 1 ml. each with L (—) supern. 2 ml. Aah 64.3 -— 
7. D(+)xD(-—), 1 ml. each with mixed supern. 
L(+)/L(—), 2 ml. 51.3 73.0 74.0 
8. D(+)xD(—), 1 ml. each with mixed supern. 
D(+)/D(—), 2 ml. 28.3 — 34.2 
9. D(+)xD(—), 1 ml. each with mixed supern. 
L(+)/L(—), 2 ml. kept at room temp. for 
1 hr. in the light. -- _— 36.8 
10. D(+)xD(-—), 1 ml. each with mixed supern. 
L(+)/L (—), 2 ml. kept at room temp. for 
1 hr. in the dark. = = 3D)..0 
11. D(+)xD(-—), 1 ml. each with mixed supern. 
eae 


L (+)/L (—), 2 ml. treated by 100° for 30 min. — — 


All the mixtures except l-a) were placed in the dark until % mating was counted. 
* medium: M-N with citrate in Exp. 1, with acetate in Exp. 2, and without any addition 


in Exp. 3. D: dark cells. 
examined. 


L: illuminated cells. 


(+): (=) “matmg type. ——* ‘not 
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Fischer!2) WLS, ABA K-12 KORA, 
ZLNOWREBRL RSL MH, KEANE, glu- 
cose, aSpartic acid, 4.x Krebs cycle 
BABESZRSCLICID, FEMS SHNS, 
Waker, Peat AVA-EREDELTSOR 
EChS, £ECIF2 FETA OWT Table 
3 ICRENSLIRMRBESA, BMICBTSTO 
HAHN E HN CA, Hh M-Nic R5-MROR 
AYE REDS 0.1% ICSE, PU— bie Le 
ZNENOPAWOMMEBL, WATT 20 RETHIR 
b, tOKRMMEKOMRAWE AT CHE Lic 
WREL LCOS, M-N CHALE‘ OE, 
20 IAI, —EBICHEAT CEE L, fthlx 1 FF 
Bee +2 REIT CHEF LID CHS, CO 
GR, ChoRsMRoORACsSyY& SigMmicis 
FS MIOESHEN EA DSSLBDNAGOMS 
A, HOMRBITHDH DI Sb%OTAW SHI» > 
FAs 


Table 3. Mating activity of dark cells 
obtained in organic compounds. 


Compounds RENO Ss, 
M-N (illuminated) 84.0 
M-N (dark) 28.3 
M-N-+ Acetate (dark) 36.9 
» + Citrate (7) 22.1 
» -+ Fumarate (7) 41.5 
» + Succinate (7) 36.2 
” -+ Malate (7) 44.5 
» + Pyruvate (7) 1332 
» + Glycerin (7) 39.0 
» -+Glycerophosphate (dark) 45.2 
7 -+ Glucose (7) 43.8 
» -+ Sucrose (7) 24.3 
» -+ Yeast extract (7) seve 


BRE OU HR 
Ch. moewusii var. rotunda ik, £O(—) # 
lO RCAF 2 b HEF OD ELIE BOS CITHS 
h, (+) RAMOMAFACHICOX Leonor 
LREBIT EL ORMESN CVS"), SHORRO HE 
Ry C OBORRFO LA RICIL, S SICH ORED 
Se LOA AMMRRSS L5H bHE, = 
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hit, MZOHILHEMR: Bio, MICHRRECH 
b, SOLER (+), (—) WFHORGHASS 
BHGCXELDIMITBIYC, HHUA Cs 
WLBbns, Ek, TCOAMMBOPARALS 
Fuld, Moewus (7k 0 FSH Ch. eugametos 
DEH) LlEHiro TlS, Moewus ORERLEE 
PIER Lie E Elwes CWS), YEH Forster & 
Wiese®15) & Ch. eugametos - “Gamon” @& FL 
WL kal, 772 FEF AOAPARRICIEA 
bROPPAMRAMAL THOT LAE CE RV 
Ch45. 

CHE CICHHEN TEI 7 i FEFADIDS 
Gy EORKBAO J O1s5,16-20) AAP HEARTED Fe |Z 
HEDELEFSLWHHSAR, ft, Ch. minutis- 
Ch. eugametos Oiiteeks), ts kKUS Ch. 
reinhardi®) (LisAT Ch bd oBERA LISTER 
Abi TCVS, Ch. moewusii var. rotunda Cis, 
tOARREBOSSRBICEW CTC, HSAWILRBK 
OBE ko C, MMA bd ORE 
RRB ITS L7ek SIL, PEAT CSAP Lr 5 
SHEAR CHezA THY, HBS SICTKAAEDAS AD 
545 CHS, Lewin®)5) it Ewe, Ch. moewusit 
DEITCH ST SI OPFPARRILERRO RIAN FZ 
bvICBRA LCS, ARO Lik, Forster?) jz 
£3 Ch. eugametos (COV. COR ERD» 6% 5 D728 
2, tibd, BRERAOBAITLARICBMAL 
TARA ERICK LTH SEODE 5 CHS, 
fi % ORAMEWMORrAITIL, Ch. moewusii var. 
rotunda ORR & dF A7cP 6b HHS & Bd 
HEbObSok, BESS, CHOOMHRITER 
HAL UCOORICAASN5 S40CHAI. 
ROP RA Clee AVE -REFSOROICAA SH 
JOCLIEHRSL ONS, thirbli—H, KE 
FRONSTLICKOIZS CHA} photo-phos- 
phorylation’) (Ck po fFoHS=HANA—T, AREA 
MIGORARED AS SITHHOSNHATL LARGE 
PEM 


sima?), 


APEC SUL, MAPIRME LORE TS 
AK FIA GL EBS Te ONT REALS HB EP 
BRITE << ROP LEFF, 
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Summary 


When light-grown plate culture of Chlamydomonas moewusii var. rotunda was flooded 
with liquid medium and kept in the dark, gamete-cells were obtained. Mating in such dark 
cells was poor; the activity, however, was increased by illuminating the cells. If the illu- 
minated cells, of any mating type were mixed together in the dark with dark cells of the 
opposite mating type, the yield of mating pairs was as high as that obtained in a mixture 
of illuminated cells and the illuminated partners. 

Furthermore, it was demonstrated that the supernatant of illuminated cultures enhanced 
non-specifically the mating activity of dark cells. The active principle differed from that 
for the chemotaxis reported (Tsubo, Y.,1957; 1961) in (1) that it was heatunstable, and (2) 
that it was detected in cultures of both mating types. Some substances on Krebs cycle 
seemed to increase the mating activity of dark cells, but illumination definitely gave a 
higher activity. 
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ERY AFT BOMBA MRA, Tx OBIT 
vs Cts, PRL (19281)), fre (1930")), Aa ATLU 
(19318), ’324), ’33, °375), ’39%), ’517)), ERR 
(19388)), Bose (1957, °58) #r¥lCko CHAM 
FEbNCWS2, COBOALHERBITOW TE, 
bTasic/MY (19541), 7552), OMB Slo 
¥irv., EAVATRCS, BSCS, RE 
OT, PRPC SRRRUOMBHI, MMe 
BEC EME DH TCHHCH DO, KERMRLTS 
RBEOMTRAWCL, Etc OME CITKR 
SEAR BTSTCLAER, PHE CHE CIA 
ERA ee BbnS., Lal, ATHEBDSE oe < 
bE dIF CIR, 

Alt, 1951 EV KOMIC KC, 10 HOA 
THES FOWL, HEFL C<K Mm, SOMA 
4ELie. Sli, LO—- OCHS L. sprengeri 
Comes. & L. straminea Lindl. } Of AMER 
IOV THEM TS, 


HES EOAE 
PUM UC te L. sprengeri Comes. » L. 
straminea Lindl. Lit, ao, FAL AR 
RABAT CHEICELELDOEDOXWKHELOC 
* Botanical Institute, Faculty of Science, 


Tokyo University of Education, Otsuka, Tokyo, 
Japan. KRAAAKAF RSME LZRS 


dS, 

choot, LbicmHDA<, FATES 
LA LMR Ch Sib, TEtacHts RZ CHS. 
ZCAcis, FRTICIT RVs, BOA LACED lease 
AESRIT L x BRYA (0.2M) 2 MARBL CRT SH 
HGRA. MR + HBS, —ABT Il] - WAR”) 
Lo, BACHHoRD, ABDI CHro 
7, [RAIA ROWE OBA O BRITS Rin 
# Favste, 8-Hydroxyquinoline (0.002 M) G4 BE 
ATMEL &OR, Carnoy ¥% (3:1) G15 4H 
EL, 1N RECS MINK MEL, Feulgen % 
fk felk acetic orcein WHeLKEOS, FLO 
Licks CMR Lic, HCABicovw cis, 7EH 
AiMig® Av, Bonn yCHL, <777 VEC 
Dh UES 20~25 4) ROM, a4 FYOAVE 
HEAT bY) YE CRA L CHA Lic. 


5 & 

1, ey oe 

RILA 1 RICA LL iso CHS, Hh, BS 
HicfkTFOR a, b, c ft, Fig. 1 Oa, b, c iz 
Hires, a lt, BRE 7mm VEG, Buf eA 
SoTwSbO, bit, PFOREAS 7mm FO 
SO, BLOMFARA CEKROAVO, c Id, 
BILAL D SNS, TOMOMMIAATIO, 
MED LORE ED CHS, BonicMiFis, R 
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Table 1. Results obtained by intra- and interspecific crosses in the genus Lycoris. 
Combination Number of Type of seed | Hybrid F, 
(2) (3) pollinations as b Cc | obtained 
L. sprengeri x L. sprengeri 233 186 69 | 40 | 56 
L. straminea x L. straminea 57 11 A 2; 3 
L. squamigera x L. squamigera 101 0 0 | 0 | 0 
| 
L. sprengert x L. straminea 161 23 12 Be) | 20 
L. straminea x L. sprengeri 102 3 4 3° 1 
19 CG, VIG 3 THY PIB AK 16 Ad ds B7r 


Fig. 1. Seeds of Lycoris (ca. x 1). 
a: fertile and mature seed. 
b: fertile and immature seed. 
c: sterile and immature seed. 


BLEAHRMAAICES, BRCHME BC. 

2. SHBTERE 

ACHE CH biric\ LHS, 76+ Se + BEL 4, 
REABOPMMeARTE, EbSwBLWARIE L. 
straminea I7UE<, TEILIRAL RE CHS (Figs. 2, 
3, 4, 10), €oOhoVRicow ctl, H2ReE 
Coe, 

3. MAHA 

kiwe UCHvor L. sprengeri & L. strami- 
nea OMAHA IS, Altar (19375)) OFS 
Lenk SAR Chok, Tirbb, L. sprengeri 
Yk 2n=22 G, ZPRAOKRLSEBLER MU 
Dons AA2HKCH) (Fig. 6 wk 6a), 
L. straminea ji 2n=16 CG, EXOCCEHc Shs 
FAK SX (Pid b, MBA 10 ff) Ole 
D, EX CEBBAKOILIE2FORSe bb, F 
UIE < ICHHER ABA E bO VIBREL St CT 
itbd, 6KOVIBRE) PORSAA 2 fHKC 
&S (Fig. 8 33 kU 8a). 

CHEMSMOA LMM, Monga ck 2n= 


\s CWS, 3THOVBE KL, L. straminea iz 
(BSS VIBREAKL ARI, EXCEICHB HK 
D2GORSE LH, CORAL < ICMEANE 
dS, 16 HORI EKIt, L. sprengeri, 
L. straminea ICHSNSK5, BIA UCHS 
DB, RAUYPLPORK.twHS Fig.7 BLOT 
a). ChboRKReKd, RS&-BACHenwe 
DEOEMTCHEY, CORSA OLRAAKOM 
C4F LU, 

Eve, YH, PBR 18 (AL VB 
YWefk 2 HL DbieS 2n=20 OMe LOMAS 
PASHICD, KMBAOMAIL 2n=19 Chore. 

KAM TL, —MRICIE CdS. 

BAAS SRAKOAMeRRT SL, TE 
MAIO B— 7H GEA) ici, BORO 
DVPRLAKO Melt, 2 ORBEA 1 a 
DPS PPICME Lie 3 HORBO= MEEK e, 
PETE BRD ce BVIT 2ATOMEL 5 HOM fi 
ReARRMoNS (Fig. 12 LO 12a), WROR 
Walk, HSSOTCLMR<, SBS4OTCIMVY ES 
ICMAT SCLES, SM REKO EE CRS 
DobhS, tikbb, AAs 30+51 ON CH 
4d, 3y +40 421, 89 4+374+41, 20+574+3r7e¥ 
DWE BAS tr, ds7e OD AKA Ch S (Table 3). 

B—-ABAOBI Cs, SIAR (19324)) 28 
yanrzteavrAs (L. albiflora) C@2LELA 
CES, BBAAKES LESS MBAR 
SODIOABETPSD, VIBE 1 He BIBRA 
1K 2 HOSE Lic RIGS MA AA CL, 1 HO VIF 
YtaKDi—-HOM~, 2 HORT AADMLO hin 
BHT SBAL, 2MORBRAKA NTH 
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Table 2. Comparison of the morphlogical characteristics among L. sprengeri, 
L. straminea, their F,; hybrid, and L. squamigera. 
~—~_ Species | 7 sprengert | L. straminea F, hybrid L. squamigera 
Organ : | 
Flower: | | / 
Color of perigone mauve | straw-colored | rose-pink | pale rose 
Length of tepalsegs 6cm. | 10cm. ' 10cm. | 10cm. 
Shape of tepalsegs | oblanceolate long-oblanceolate lone ae | wide-oblanceolate 
Diameter | 5cm. | 7cm. ems 8cm. 
nee OPEN soot | yellow | yellow | yellow (reddish) | yellow (reddish) 
Length of scape | 30cm. | 70cm. 65 cm. 80 cm. 
| ' light purplish light purplish 
Color of scape | purplish green green green green 
No. of flowers in| | 
oS | 5—7 | 6—8 | 5—7 5—7 
; : | late July— 
Flowering time | late August / late August | late August | early August 
Pollen | fertile | fertile | sterile sterile 
Seed - fertile | fertile sterile sterile 
Leaf: | | 
Length 30 cm. 33 cm. | 35cm. 40 cm. 
Width ielcm: VeoICM. | 2cm. legen e ani 
Color | green light green | whitish green whitish green 
Quality | tough and thick | soft and thin | soft and thin | soft and thin 
Whole shape _ linear | long ligulate _ long ligulate long ligulate 
Shape of apex ) obtuse | orbicular _ orbicular | orbicular 
~ | | | 
Leaf period | Feb.—June | Feb.—June Feb.—June \y Feb:——June 
Bulb: | | | 
Shape _ ovate globose _ intermediate | globose 
Diameter 3.5cm. 4.5cm lea 7ecrine | 5cm. 
Color | pipet ish | dark brown | dark brown | dark brown 
Table 3. Frequency of chromosome pairing at lst metaphase in F, hybrid 
obtained from L. sprengeri x L. straminea. 
Chromosome * 1a Gibthelicd: wacartih ai - 
pairing | + "yl ciinid eet 2m+57 +37 29+474+57) Total 
Number 29 LS snc 2 6 9 ) 7 71 
Rate (%) | 41.1 25.8 2.8 8.4 12.6 dee 100.0 
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CHE AM A, VIBREADUTha—FO fi 
ICBMTSBRSLOMRShK, 2S cRATH, 
FE IUIIT 2 HD PETA ERAS VIBE KO i in IC ES 
Lick ¥PMICS | PHSewWIc, VIBREKAS| = 
PVE SIVTC VS (RAB LIF LUE BL S 7c. 

FEMRIO RAB, MeV <, PATE S 
Cxirtoke, EWO £5 LAABAITAROIRcD 
Ds, AROTEMARE <, acetocarmine 4%f& CHA 
LKELE, MMABAERLCKUALDONSS 
DL, ARMZRCNBOLCDLMdSD, CORE 
ji Table 4 D425) Chore (Fig. 13). 


Table 4. Rate of functional pollen grains 
produced in artificial hybrid. 


| | 
Type | 
an wea Full | Empty | Total 
| 
Number of grains 428 298 | 726 
Rate (%) 58.9 41.1 | 100 
ia if 


SHB biicA LMM 2n=19 Cho, VIBY 
Gtk 3 (AL TLR 16 2-572 Sai, Chis 
Pili CbhS L. sprengert (IBY tK 22 (fi) 
OK L. straminea (VIALE 6 TAL IBY 
fat 10 {]) D-FRLEOMCHS, Erle, Yfasey 
DIADBSEIT CES, COKLCHRO HR BKOB 
WLOAZSITO TH, MHOTHSLELAL 
lal C-Ga> 4 (Table 5). 

COlLAWHSFSL, HMOREK 19 HOS 
PETE atk 11 tk L. sprengeri xO KL, FE 
DD 8 fl STEAL fa tk 5 + V FYE HR 3 fH) tk 
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L. straminea 2b Xt bDOLEX ONG (Fig. 14). 

EMA MICS Tt, BAAPROB—-AAT 
SHOMEREKED<S , D5 B3 flit, RG 
=e eth Cdho, S(t CMAER CHS. EL 
C, 3HORBH= MAKI, L. straminea DV 
PRAKO Mic L. sprengert DB RERAT 
HEN LAKIDWPSVADINHE LESOTHO, 5 
{HOME GCIZ, With L. straminea DO 
BRAKE L. sprengeri OMBREKED 1 
ATFOME LTCEKHED CHS. 

COLIC, FACTOREKICHADTTEDNS 
zipbtnis, L. sprengeri & L. straminea 
Lit, BHDarkey) RSC bPAdbbT, RAK 
ORME EdD THY EDESZ SNS, 

L. straminea (CHKTS VBKREKOMBIC, 
L. sprengerit (CHRD SHH EKA 1 AT OX 
Ut, APH MRAKEURI SHR, VBR 
fuk 1 (AL TK 2 HL M7 LERULTW 
as 

ARI (19519)) iz, COLI CRBH MAAK 
a, L. albiflora (ye Xterwv-<t+), L. aurea 
(Yav#7Y) CRW, EXRRBOMBAR, 
L. squamigera (FY AA x%vY) Cis THBMAN 
Sz2k, BEY Lycoris RAMORAO thier 
kus, Lycoris Rithbns V BEA, 
PETE ADS 2 TORE UTE URS OD CHA 5 
EMNTHSA, COMMIS, SEO AHMET Is 
FS RBAMREAKOBRIC LC, RX CH 
&nS CHA. 

ete, Afr (1939%)) yt, L. squamigera (+ 
YAA Y) DHRIBRMIcIk L. sprengeri & 
L. straminea LORE DVD, BEVICS 


Figs. 2-5. Flowers (ca. x 2/5). 
2: L. sprengeri, 


6 and 6a: L. sprengeri (2n=22=22R), 
=3V-+16R), 


3: L. sprengeri x L. straminea, 
Figs. 6-9, 6a-9a. Somatic chromosomes in root tip cell (ca. x 700). 
7 and 7a: L. sprengert x L. straminea (2n=19 
8 and 8a: L. straminea (2n=16=6 V+10R), 


4: L. straminea, 5: L. squamigera. 


9 and 9a: L. squamigera 


(2n=27=6V+21R). Arrow indicates V-shaped chromosome. 
Figs. 10 and 11. Foliage and bulbs (Scale 30 cm). 
10. Left, L. sprengeri; middle, L. sprengeri x L. straminea; right, L. straminea. 
ll. Left, L. sprengeri x L. straminea; right, L. squamigera. 
Figs. 12 and 12a. Chromosome pairing in pollen mother cell of the artificial hybrid (ca. x 


700). Diakinesis. 3+5y. 


Fig. 13. Pollen grains of the artificial hybrid (ca. x 600). 
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Table 5. Relative length of chromosomes (in #). Numerical figures in a 
brace denote the arm-length of V-shaped chromosome. Each value is 


based on an average of 10 mitotic figures in each plants. 
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L. sprengeri L. straminea 


F, hybrid L. squamigera 
mo yaa fev wel? vm 82 
Rey mote wma wma (ts 
i i V3 22.9 as V3 23.7 ibe Vs 25.0 oe 
4 : 
t ie Vi 21.0 ioe, ‘i te V, 24.9 {13-6 
I, "10.5 ied 3 {29-6 10.7 oy {13.5 
Ties 10:5 ieee 1007 
Tip l0.5 veel {i0e Teed Oss ie oat! fin 
I, 10.3 i) S05 
Tp ned@.2 1,00/0'2.3 Te -of 10% To ah 
t* 10.0 Tour toe Is 10.2 Te Ti .4 
lis 10.0 co 1.8 I * 16,2 fo 1.6 
la 8:7 teeoee ties Ta 00 je aa 
ly 9.3 Im 11.6 Ey IH ieee 
ly 9.2 JaSPOrtOvO EN th Haase 
TpR%Os4 lye 79.9 Pic ons Tprogerois 
Take Set i 9.8 coin TMP HOES 
Tapunnd 30 5 9.0 i ea a aes 
Teeriai2 TL aas to Bie titer oo 
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Io es 
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jE ate eS 
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io* 3 
iy fe 
iol v7 
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Total 231.0 237.5 237.5 347.4 
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PIChDieD Ch 54 #2 fe (Figs. 5, 9, 9a, 
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Fig. 14. Diagramatic representation showing karyotypical relationships in the artificial 
hybrid (L. sprengert x L. straminea) and L. squamigera. 


migera (FY AA XY) I< bXT L. straminea 
DPT ABRIL bOCHS, Efe, HB 
FRM Ich L. sprengeri & L. straminea Orsfil 
BERL, LAOTIAT LVITCEWCWS, OE 
0, LPUKOFVYRAA ev LAR SHS (Fig. 14). 

Bailey (1916, ’35°)), Traub and Moldenke 
(1949) Bit, L. squamigera Maxim. (+ Y x4 
“yv) O—Bi var. purpurea Hort. &\>5 ti 
HRM L, CODIFY AF LYOLFAMDC 
bY, BMEERBHSLMN CWS, PHOBRALH 
MLE CHS26, Bailey SORIMLRHIHL 
LET SZLOCHS, Bailey bOv5tY RA x 
YORE, BoO<, L. sprengeri o— 
Hf ChAALMS. Pikibbdb, BARRE Lt 
L. sprengert DieastClt, TEMOFEDSALERR ts 
O, Lab CORMLD EO RROD EV, SERRE 
WICIL, BROPPRo RAL MMBCT Y AT evITE 
<WicbORDD, [HITIBHRHS (2n=22= 
22R), €LTCEHS OFFA Bailey SORT 
FULT, COMA L. squamigera Maxim. 
var. purpurea Hort. ChA5 LEDS. 


ii Ea 

1. L. sprengeri & L. straminea & DK LH 
Me (FOIL, COPREFWIs LO MF HA 
ep 7c, 

2. ACCMEREIS, SHITE REHIC IS BE O BI 
HeEATA, EbBbDLWAZIE L. straminea it 
VW Cho. 

3. BAAWICIA MMIC IVC, 2n=19=3V 
+16R@ARL, RAGA, BARB 
DACRE ALO Fl Co B, 

4. {EMR MIOD—AAAMIcIsl yc, VIBE 
KO FITTER BE ARENEH 1 POMEL 
TRIGA ARAKEGRTS. COT, EAY 
AF RITHM ONS VIBE RIL STE fk 2 (HIT HB 
“4, PIBRAKORMEAIC Eo CHUL ART 
LO Tufte RATS LO CHS, 

9. COKTHMERIL, SHERRI kU HERS 
DbLisb, BA=fFACHS L. squamigera (+ 
PAA «2Y) OLMKITHKSLOLAREHS, 


COP, RAEFRARE, AMUBABLO 
ARG is CHR LAREDO LICH hbHELO 
Cio, FAITE < RHORERLET. 
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Summary 


1. Morphological and cytological studies were carried out on the F, plants raised from 
the cross, Lycoris sprengeri Comes. (2n=22=22R) x L. straminea Lindl. (2n=16=6 V+10 
R). 

2. The outer appearance of the F, hybrid was found to be intermediate between both 
parent plants, while it resembled more or less closely the pollen parent, L. straminea (Figs. 
2-4, 10). 

3. The chromosome number in somatic cells of the F,; plant was 19=3V+16R, i.e., the 
sum of the numbers in gametic cells of both parents (Figs. 6-9, 6a-9a). 

4. At the lst metaphase in microsporogenesis of the F, plants, 3 heteromorphic triplets 
and 5 bivalents have been commonly observed (Figs. 12, 12a). 

5. The F, plants were shown to be completely sterile in all selfing experiments. 

6. From the number, shape and behavior of the chromosomes in meiotic division, it is 
suggested that this artificial hybrid seems to be adiploid form of L. squamigera Maxim. 
(Pigs. 5, 9) Yla, i). 

7. The synaptic behavior between V-shaped and rod-shaped chromosomes in this hybrid 
seems to support the Inariyama’s view that in the genus Lycoris one V-shaped chromosome 
is equivalent to two rod-shaped ones, and, therefore, the former might have been derived 


by the fusion of the latters two. 


Bot. Mag. Tokyo 74: 532 (December 25, 1961) 


Short Communication 


Teruko Nakamura“, Hiroyoshi IsHu* and Toshio YAMAKI" : 
The Intracellular Localization of Native Auxin in 
Avena Coleoptile 


HAP MESE* » q@FPHSE* « 7 REX: ~ a 7FALSYRBOMMANITHUS 
A-¥EYVYORAITOWT 
Received November 15, 1961 


As the first step of our course of study to find the master reaction of auxin, 
we have made researches about the intracellular localization of native auxin in 
Avena sativa (Victory No. 1) coleoptile. 

About 10 mm. defoliated tips of Avena coleoptiles, which had been grown 20-30 
mm. in darkness, were homogenized with cold sucrose-phosphate buffer of pH 5.5, and 
fractionated by differential centrifugation. Each fraction was acidified and extracted 
with ether and contaminations in this extract were removed by paper chromatography. 
The auxin activity in this extract was tested by Avena curvature test'). After the 
ether extraction, the residue of each fraction was adjusted to pH 9.5 and hydrolyzed 
5 minutes at 120° and the hydrolyzates were acidified and extracted with ether. Each 
ether extract was purified by paper chromatography in these cases, too. One example 
of the results of our experiments is shown in Table 1. 


Table 1. 
Fractions of Avena curvature in degree 
differential centri- - 
fugation Free auxin** Bound auxin*** Control 
1,000 x gx 10’ 0.0° 0.0° | — 
4,500 x g x 10’ 0.0 oko — 
14,000 x g x 30’ 0.0 0.0 -- 
100,000 x g x 30’ 0.0 0.0 | — 
Supernatant 14.1 16.7 — 
0.05 ppm IAA —- — 18.6 
Water — — 0.0 


| 


Fresh weight of the used coleoptile tips: 81g. ** Ether extractable auxin. 
*** Auxin which was extracted with ether after alkaline hydrolysis. **** 
Low auxin activities were observed in 2 out of 8 experiments. 


The localization of the native free auxin seems to be only in the supernatant, 
non-particulate cytoplasm and the cell sap, and the activity of native bound auxin 
is also found in the supernatant. Identification of the native auxin in this extract 
was carried out by paper chromatography. The Rf values of native free as well as 
native bound auxin were the same as that of IAA. Detailed report will be presented 
soon. 

Reference 
1) Shibaoka, H., and Yamaki, T., Bot. Mag. Tokyo 72: 152 (1959). 


* Biological Institute, College of General Education, University of Tokyo, Meguro, Tokyo, 
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BOA(RRKSE 
AAMMFAS 26 HARI, RRAC SH, 
RS ihis LOM FMBICIsvst, HS 10 A 13 Bas 
BIH EC, 48d oCHHShe, “OR 
FAA 300 RAC, PODirdorea, 4Alt 
480 ZOSMBeEC, FWULOBRSS rok. 
EO SORRCH cRMAMLIZHOS, Heo ie< 
MY, ASIA AIERICAZMENK ON, 3% 
WiCHork, PHA AOBRReMBMAL LEO 
LWRACHoict, HRA AR bOBMUEe 
PoreOEMYChHote, 4HOSMBAAREDA 
srck, ARI LAPHNCSG Moko hREeE 
GC, HBMICP SEAL, SMKICKRERLE 

UBT LRES LICRATCH OR. 
eae (10 A 12 ARSE OO , St 

BREA BIT RE) 

Hiss: BRR 20% (RL), SR, SR 
LOH 24, # 30 4. 

44: 1. GBB. 2 FARR. 3. MBO 
HURRB Is LOCATOR. 4. WA 36 BRS at 
FSR. 5. AQMIS7TR EPH. 6. He MERE aT 
MH LOBARM. 

DEOMAICOW CEE LOWE RD ORR 
bY), #RASAAARBLE, 

me: 1. WAM 37 Hk om eee lM 

47S BE. 

SEB LORE L MFM BILE ARTE 
WEL CWSR, KBs 2HS Hse HL cH 
Bes. LL 3 MMR YWORME Ce, 
EMMA, SHARD mb, KELL OC 
XSAZRIGELIMBAL RV DROMERS 0, Th 
Wek} PHORM LUTCOV CORO OBA 
i. 

2. RBUDOF 

SEBILUBEBRI YD, FAMAWS Fito, 
DOCKMLEME OANA < SAITAMA SH 
FRET SMO I TVbORSD), —HFAOR 
(RASH SA Bh OR OR? fa A) 
ERMVOCENSOMBEMAL EW BADR 
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it 


dote, CHIC L BRRAMS <, 14H ORAZ 
MeL LCAWSe Lior, 

3. Kilts LOMKMABE HILO 

KIKACBHBABIZBV UC, URGKARH 
JUAKFICISV CHET SC LEAL. 

4. BAITBISREOEH 

GERBAITIREE Bhitdoree, SAL OR 
Bt BSOUNRSEL ORAS), FAKES 
Rr 14h OMAOMRIRMIT F De, 

Peis EL A890 AES MZ SOC, COMBI 
HBAB, HWUSA, ARMBAALHETScL 
DICT, KES AE CLARRAAMe BD 
CHY4LEBbDHSEASAMICMMSSCLEREL 
me 
a & (10 A 14 A+R 1 +e 2 eR, 

RACKS Mica =) 

HF #884%, SEORSOO DME PARKES 
KEEBML, C\WCSERBIUMHERL DO KOMER 
TAD RE Dd > Te. 

1. ARH (Hh DA MEREIAMS64F 4 5 HB) 

2. SBR (18 M3644 9 5108 BL Ze) 

RWS AM: BESSA 184, HISAR 234, 
WES AT A, BAAR 55 4, HHS 
12904, + 13934. 

SAR: MAR 44 (AM 35 44105 1A 
DAME), FSH, BS 11 4, R304, BSH 
gn 48 4. 

3. NMEORRAROKK 

Ace: ESHSZEE 78, SERS 72, ASCH 38, 
EIAsrs 36. Ae: Epacee 1, BAERS 25, 
BIAScEE 48, BAe 5. 


4, MBO 
ae MESH =H LAR 
1956 90 31 
1957 118 33 
1958 114 44 
1959 92 31 
1960 106 29 
1961(9H¥C) 98 33 


5. WA 35 4A REEIR TL (HAE MERENA 6 
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3 AF Item) 
6. HARA 36 BRS aaa 
7. HM 37 HSH e 
8. fa mA MRRTIT as LOPE 
we oe OR 
1954 45 306 (5 Fi) 
1955 64 372 (42 10(5} 7) 
= YEA 
1956 97 602 ecu ee) 
1957 77 «438 (754A EAR) 
1958 62. 444 
1959 65 488 
1960 84 508 
1961 1H 9 50 (281 200P9 iz fi EI) 
2AB 5 40 
3 A= 10 70 
4H 8 38 
5 Ae 12 74 
6 AB. 7 44 


7-85 9 52 
95 7 47 
1098 6 40 


11-1254 10 70 (3) 


(72) 


19614F FF} 83 


CHOORMBS AL Baer < RBS Hie, 

QV) CHE IT ILL) SRPOKO MBBS 
qe. 

1. AAA MERU O 

109125 ich teemAS COAL ts LONE 
DERRARDCRESAHMODD, TALS 
DVAbKEO< OD, COMCEMBHPOKAMDS 
LOMHS DE 5 DITO CRMIT HAE RWS, 
HR AIC EIA O7EVs% OOM INLAMIT FERS] & 
DRUARL D RHSARME WCMRL I, 

2. WIAA O “ 

KIPAZ ISA AI374F10 5 rh lc BRA IC 
CHC CL ERE, eIKKPAAIMUAMICA 
Goll ay fol 
RAICARLKAARNAMKRL PORWR TC 
BEkz Kbotk. 
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Sy8H + HHEB - ACRE 

Bijliscoh: bY AT bBMML TORRE 

PAA BR: WR RIT LK > COMMEL 7 Myxobac- 
teria OPTfAIZOVT 

te or: BRAK OBYARKEIT OWT 

RMA BHR NIRA: Whirl ever 
SZ it@wo—wfi Streptomyces griseoverticil- 
latus (ZOVrT 

NAF + BRIA: BOR OBRRAAICOWT 
Il. KSYRIc glucose # AHURA O NO & 
NO3- (ZOvrT 

se  : A new heterothallic yeast, Endomy- 

copsis scolyts 

PRGIEG: MERA E HORRICOWT 

Wee: PR, 4 MH Ceratoneis arcus Kitz 0 
BE BR 

RESS Tk - WARS + AMS: D7 EXT RO— 
fi Batrachospermum ectocarpum Sirod. Of& 
ADEs LOM e OBIT OWT 

WR RS + ARE Tk AWAELse: DT EAD PA 
@® Chantransia stage ® }ilzé 

SMB: ay TRO REIT OUT 

REPRE - HARM: VTS 2 OVETFREEL 
WEE F TGR 

JAWS: WokHzyv a 7+ Basicladia |RO—#t 
filCTOVWT 

FROCKE: BRED FY IP FRA+TAP AOR 
LEECOMRITOV CO—-ER 

DIE: AAR Lamprothamnium (Chara- 
ceae) (ZOLT 

fli} fq: vx 7 ERE WOLAR ROMEL RE 
a Vi. Tolypella gracilis 

SRT HE > BA AEB: = Brotherella 
(Mich.) Fleisch, s yraw 2 a7 (Hv) iz 
WUE 

EGS 

SPE Z 

ia ANE HE: 

SHARE: 
DKK 

VE ET: 


recurvans 


Y BC IST S MALATE & ALO ME 

2A ARI O TE REZ FE 

+ ROTED PASAT 

BO ¢ AGE R, Fy wa 


M77 ) DE Roridula ofRsl|FMAR 


OA 8 ee Sk 
A a 


Nov.-Dec., 1961 


DEA RES: 

=) 

BHBA: Vy Fo RBopHAizowc 

fie + AWTS: PRARMEREEHO > 4 
Ue 

fis (> RET: BEAR PMREHOT 1K 

ASIER: AEA RCE BA Re BIO 7 4 OH 

PAE ARME: ALYETH Ic Isls 3 YEpe 74 WL 

FP HStR: DAME RICE SRR bt 
(Monostroma) |Z. 

WHR: PAB LOT OMIM 2 ~ 7 Ble 
VEO DATO T 

SAR TE: WAT RI DbARCIM HREM 

PIB: SV AY TV OWRLBLEOD A 

Bbl(e4e: eRe ) OFBEIC L SAIN ASH 
i D4 Bl 


ANE S B2rb Ric a= FROME (5 


Miwa & 

AHH + FAQURVE: SRROYY FY e baO= 
EF RIRIZ OVS T 

TR? ERY AF BOAT (655 
Ufa: bv ee azyvyORASH 

BSVEKE: (RAITT SNF BDV AYER 

BR HE: AbvVA bet yvVITLOGHANSZ 
F 2 FEF ADEMABERIZOWT 

RATER - PBBE- MHRA: SAMBA 
LOMROWVRKBEAO Hie 

Wye BE: BPH OM YOURE & PET O HEE 

EAT 41: tA WMIOF As 7 ABO TCO 
FRE 

ESR IEA ARKR: BPRRIC LER vy Fy 
BEDE O BRS 

AE fF: AAAFOMOERAO prolamellar 
body (7 2 7 FBBMtK) 

AE f%: J26/4&O grana lamellae OPES 

Tall 2&8 ° HABE: 44 NY OBR AORE 
¢HEIC ES 3 BT OE 

AMSIEF - wre Hi: FUR LOA EKO 
oi 

JAAR : 
EG 

Be HW: vy SMpMOMMAVMIE XXXV. AHR 
TKO EEE 

Rei: Selaginella ROMUFMHF 


TAVRIFOROS IAF y FITOV 
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PRUE ACHE: Aster ROKB A G87 

MARAE: =77 RO Me ZWOOTIE (BER) 

AHEFARS: Polygonatum (+ 3=) BR) HOY 
fat 

PAAB A: 4 (hO Bie SMOMO AAMEO 
MUAH ESE 

FE Wt hte TY VICI SWARMS L 
FE BCE EL O FB Be 

TAN =— + Aydt}: NaCl, KCl, CaCl, uppiz x 
2 CHIEN RADA 

RATT = + SBR DR TT + ER + IR FH: HEED 
BAIT $51 BEY HAR BUR O HBCU 
AWARE: ev 7) (Swertia japonica) HhHy 
ICL STEMR AAO RE 

#] WR: AAA J ayV4 VY VOTERS 
Ric S iLO Ve 
DEB: RNC it 6 RAKOAH 

AER: 8 2 URMICLAZAFHHEVA7+08 
fd DAT AA BLO ZS 

ABKES + MEURF: ATKORS 5 HiT 
ET + MIARES: ANNIE LER RO 
47H) 

DHBRSAKE: L % OAD HMATIELK IZ Ist S Allg © BABE 

GRRE ye Fb: HOME L Re rz 7 7 ACH 
RIMDAGIZ Use 

Har: ARERR THE 

ARIER: 247 7 SOHORNMMWORVE DHE 
FOZ HAYES BBbIcOUec 

MARA + WA OB: BRA he Y ty ADR 
OMAR h OV M4 0B 

LAL kh; BK: Abey sy AMRIT 
CSHARE RO RBAE EL COR WE 

PRED EK: PERK O HERE IZ OUT 

FAS BC: EPR Is K ORTIZ BRAK O HEHE IZ OUT 
RY —: BRITS S READ O—PI 

PY = —- + GA ta: Trillium © meiotic meta- 
phase I OY fafkHalc ds LIE EDTA OR 
EBHB: wv APRGREIC IS mitotic index 
OBEE=, SOMO RL 

PY — EPR St + AURTRTT + AVERT: XB 
MASA Mici ried ATP & DNA OR 

PAT Hef t+ ARR TT + ENTERS: XR 
HAAR CIs LIST Mitomycin C OR 
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Lesa + ke: ary |) Beasfkicwlt Som 
IKDRORM L 7 +4 very RIL OMRIZOV 
G 

Leste: Hydrodictyon reticulatum O47 & 
% 7e 5 OER AED BY 

sR KE: SH-thymidine OMMK~AOKR) AN 

HAAR: PRADO X ic3s LST MIKO HE 


& Be fé 

RRAGE - MBE: 74 ze) YA ROMADGA 
FEIT IST SIMCFRIOGEDAEICOWT 

RE RE OG: Bee GAC AIL < Plastocy- 
anin (CBSd Sm IHb FW RIGIC OWT 

FRR + PLUS: SERRA OMB L, FOI 
{CASE 

YEAWE: FERRO LSE 

FRERAL: FERRARO ESE RIT OUT 

BR Ye THRE: BRAND P2 OL HEA 
IV. HATES VE RAHADE DO CAOMIN 
Sibi: hyo vy YO REIT SITS RY BE 
FEA SE—EB: SERRA Pic a Oe 
citrate PbHRHSHS “COg (TOV 
Bon: BRAPICSENSZ -ve Fy OB 
FITOWT 

Bek Ze MSE: MEM MWOKA MAO WEI 
BIS SR (GS) 

BUR RG: TY 7+) VHOAR, Mere Least 
SA RR 

Ee FF: 7VE7 AAFOR RR 

WHIRL: yavat FyOMARte MoNS 
FR=Blue, Green ts kU Red OW HHITOWT 

HEAR Bes ARE Z: fx OME CARMLET 
AAO RRS 

AT FOR + HEAR BA: (MMIC LAT H+ AA OTE 
By 

ABA +> HEF: 7a AICI STEEL 
TeAlE § BME 

iM Ze: AHEM a ASIC ISSR 

SPA: JIU TY ER O I & Cove 
BURBHSe: BEG: -SH 

Bayh TX: MOMABEHET BIS SHI (1) 

MBAS + AYP + ews: 77 ASA 
DiGi 

FAR fh > Macca: MMB RRC hozg2 


14C-glucose, 
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EMO T Va—Vittelo tS GEOR E 

KEBT- RR £: exA77FACICRSHSKE 
Ret tv BM 

FHA + GHROM: LAREWORAO RIC 
ws LIETHOVS 

RE: MORO ROD (4) 

ZAIRE: FRR SRTOARITOWTC Ol. 
ic pH 4 ORK 

SHERIF: MOE RSH AKIT Ol 
CT (2) 

KEREA: TMV OFFICES SHE FOI 

RE: KSLOBRX ATP, ATP-ase 

BeEHS: xv (Funaria hygrometrica) OF 
ASEH (FH) 

AH Hh: SHRA: BRORAERICNT SRO 
aR 

FiRs #8: Soak L COMAOBRRREICHITS 
UE BERE OBR 

Wo - AHRa: MROSME & Miao HOR 
A 

FAs + AG ft: 7F=YERERROMUR 
i 

S=PRA > PHA: BAMIO FE KBIC ITS 
ALBAN BYE 

BURKE: ty Fv 7 OMMIOAR AW H (S15 
) HA OPMOBAREIC OLY C— 

BARS: AVY y OM BME 

SEMBKE: AV AY y ORB MMIC cht 5 et 

FRA Rh: ~~) EORHLSM7r2a-—n 

WO H+ wR: WK, FRIOVFTY LHe 
FHIVEITOWT 

PK WE: bye Ee zr AYOHELOARICBE 
eyes: vRovSs 

i RR: TV AR SFY OFFOMBICR LET, 
PAD BRR 

TREAe(F PR HBS: Ayo -ORASRICOWec 

SAE: F2—Y) » PS O—Ahi Charles Need- 
ham O{ED7 VY by 7v 

BART +h ZS: £4 5Y OR KO an- 
thocyanin (Cv. 

AGHWIE + ARIES: Penicillium islandicum 
Sopp. Oks +P ERIT 3313-3 REA OME 
SHR: tARIYAFOZIRIA FHRICO 


. 


“Oe 


Nov.-Dec., 1961 
Vore 

RE YE: VRVFFIAORVIND pevicow 
“E 


PARC > AIG ARE: ALE CA BA OAL EW TPSE 

ARBE + SHRME: BORA © AL 
HUGFIE (IL). YE Collinsiella AMAA A 
PZT 

BH KR: Slike: 27 7 » OMNI 

AR i—: MPA MIGBEASEESK & protoplast 

AN FL + PAI OR G87R IE: Azotobacter OY 
YYYRIVAFEK 

RAG: LU RIC ITS Bacillus subtilis 
® RNA 

FAT 638i: PERF}O 4 )R Cross Resistance (z ysl} 
BY BME Bt O FRR 

ANA— + HA BR: SM MIRAO RNA fH} 
BIC SBR 

RIFE: Candida amylase OCA.EAHE DO 
glucose iim#lCV>T 

APU AS - BA: ERSTE RRO Vas 5 

Ak: HRD FAHY BRARE Arve 5 
Kel OEE 

ARBRE - YE %: Fv Anabaena cylindrica 
ORME IL AIT OVT 

AAT: IER LOM Mimic Lk SMRBELOG 
BARITOWT 

=KEF: Primula obconicalt 3st STEMEOK 
@ Fae 

He We: FAT VEMICSENSREERMAD 
BoP ic fers} BWA 

Fe MGLES: AT =—-MOARIS IEA 

IRA: SEIT FS AER © MM ill 

RAREF: EUDORA D ARREST S34 
VY FER O FR 

MBBE: FRRIBMRICAGNSA-FVVYOM 
fe (PR (ELE (ES 

MAA REBZ: 1 *OFRHROTY F-W 
EEPAP LISA (ists) 

ra + GH fase + ARE: 7 XI FROMM 
AAO A ey YA 

MEK - HHA RBBZ: yXvyvicLrs 
Yaad FY OREO Mibl & ede FAC 
DOr'G 
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DNRRKKEB: R77 ADYNAV IY YRMBICOWec 

hE Yh: CONV) YORMIANITBITS BYE 

TOM + BERGA + ASHE: 2S = FORE 
GIES ST S BAO AIR OPEL pH + OBS 
IAEA: Phytophthora infestans (Mont.) De 
Bary Wala FHFOMMICOWwT 

SUES > BEBE: ve 7 EORHELAEOR 
may pay 

WR mt EYE FY ORETOWC 
WS: bo HERMIT A DHS CoA HL 
ATP = 

BARB: PBEMICLEAFI74YBLUAI OD 
fe (EHR) 

EFA + SESETE—-EB: Staphylococcus au- 
reus + Rit eH OM IZOVNT 

ALUMS - BOA: SRTHERERO TCA 74 7 
AAC ONA TC 

FARR RER « = (E5STE—ER: hb O R4 AY OROM 
MAICOVWT 

RGB AS + FESSIE—BB: beh kA ZAAAYO 
DERI LS ARH A FHMAMOMMIZOVWT 
EA KBR: ~F=7 OOM REBRITOWT 

tk RA RABB: 4 AGIZORANS (tt 
FEB O BIR ENO BR 

Giga 2+ IRERBA: mo vay vrleeltoesre 
YY Ot 


= RE 
GEBVET DT ALT bar REITOWT 
MA A: KBIOmMRL AavBwwle 


Fay 4: 
Ye) Ar HE 
NESTE, 
AB) BR: 
—FR) 
FAI] =: 
BBR 
WIZ Zi 
CFR) 
AA BesSREF AR Me Hh 

@PbARHALMF EM © fT 
Pali: HIE ORR Dire DUNCAL RICA Se 
tyAREFRODTIE 1. URE RICHEO < ER 
(B2M). ABI wi SBA SOI HE 
De BL & EO PVE & O Hewes 
BRR: WEL D. PRERCRO MER 


HUA Et SY HRMORE F 


SHELLY F 72 A MOKRERICAS 


BARI OTE OT RE 


—: Be 
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(1). HPRBICHO SHED RECT S 
PURER LATO T 

BRE: ME I. KPRAERSIRAT ROR 
fe, OVI MITHES < MERE (BH 1 HD - 
BAP Hs AAAS » HATS elt S a War St 
FER RITA SS AEB Fase 

RGB: WRC Shi wih TRE OLBSHS 
Bz, EI BUMCHLIT OUT 

Em W-ABEZ: BRR ROMRME 

FA——: PSE HOH: ARRAS ¢ ie 
eK IL 

We GE WEA: HARAOM ER 

PRR: SAOBAICoc, He ERS 
ICWTSBR 

BREA + BIKE: G7 SRRPROMR RL 
ATERRGICS ST SHEOVE 

ABET: BALOY+ OTE 

NAL: STM WORO A AIL 

BALK: SPTROAB ARBEIT OWT 

eK Bh + THATS: TPE O IES ITO 
“G 


4oRE OS 


mal ERO 


10 A 14 A 14.30~17.00 


Q) aH #GRBKTA:+H--A): BSS 
OPP NIZE & NEE 

(2) PMAS (BszA + +4): =v7 ORLA 
BRO Me AWE 

(3) Wie ak GRA + BE Hi): HOES 
BABE 


HES PR FATHARER (44 + BE + Ab) 


AF KIL, 27 RMD, VWAWAOMMOBR 
ERMRARWOBRIC kot, Weer ou 
MICRA SOLE, RAF Lo CHL, 2 < 
ICP AEE Kot RAICOVNC, SOMME 
SENT Hh & BLA L fe, 

BM RIL, =A OPABURICABATSW AWS 
OMAR ARHAKH, PETHaAHF, FV HaRF, 
FRERF, RSAVaAFRLE, PRCoBeK 
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CGhh, CNOAMGRWITERIEL TC, HELSNS 
PREAUELOCHS°CLE, BHORRDOS 
FeLi, 

LUM, TEAL CHAT RALE. Ut 
Uwiz Veronica Bic wit SRAKERLBRLO 
BAIT OU CRHAL, DUYGARBT, TV APY, 
FTE, FY TF LORRSARHe LO 
fiz, HKOPEA, WEE, BRO 3 DORs: 
EO Ric SBMIc ead C80, EHEHOE 
YE, S78, QABRMTOLAT SREICHAL 
CWSCLE BLE. 

DVCHEL ODOXOLIRMHARONSbHEE, 
DE 3 COBMAHEDAOESUMICBIO, ¥ 
REDERLERVWEEDDRHOBR, SDITH 
HOBRICECHLEXHDOTHIMLEROCS 
Se, CORI CShalt, BIC Kote 
DL Tee OUICERRMERRESFS DEV 
,AIChSLRdHNS. EKTHOORRAEEN 
DbOChHS2D, KiRBRL DHS 4 OCHS 
Dd», HSWiI—-HHOLOCHSHUL5 ROME 
CRS, WEMASCHKAAYTHEMEHER 
CHELHS. CNHOEDRFOACLES LVDS 
DD d, CHOOBRRBYOLSICETHECES 
DCHSEROMBLEDIMVAWADMBITOvrT 
Areas e AAT S. 

Rds. CHAT 5D, DEOL I RRARBON 
bhi, 27 RICANS Lj PERM RRE DS 
MHALE UTHLEDSENREDE 5 DITOUV CHAD 
H&ive, CERI VAT bICE-VARowde 
Lowi dS\s, WOMEFSOEL SD, SHiexy 
Lk, ARMeEL LU CHZSAMOMBLEL TH 
TOLD tHE RST PAOMAL LEAT 
WB, BoeOCsLMRSE FLEE 5 Ho TWh 
DORHSLW5SRRRONSHRE, COMBcovw 
TIES SITPME MHA LIERRBTRELOCHSE 
LDH Ste, TrbbDMAL V5 ww oid, 
ZCHHEDSSPSREFRTRE CHER, MHL 
V5 ace Ct, ANTM DR < SOC, COS 
eA LAMM MCHS, KLAPRSHIA 
AWM ICL GALE, MBRRILCHAUHEC 
HED, WORBMMHIT ko CTHBLTWS, & 
D SAMEIL LITHIF RW AWADBRITMD SAE 
DPHOBAE AMICBALELOLWZES, BH 
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ISU CTHLEL LCV VITO CRS hie, ALE 
I CLL 9 4 OATEH & Ft OM ML BRAS OR 
FeUARSLVIRAMD YD, BF-2OW EIA 
FAW 7oSRIL, WPS, SOMPOSEREL LO 
Od, EMP OPMILE C2 b 5 DLhV.5 AM 
TL, WINES LYELAWY, ERA UTE 
YF, FVLP RILEPOLOR, Pv aFveBL 
DOOeRWREWVSEAMdSok, CHOW ET 
HLIVAF HEL SOHOMERE Boni, BEM, 
eke, Ware COZWMORLO iat, tho 
YOO LT UfAMIth OLAV AD, ERHOB 
Me WS oH LICR DSZO CIDE 
Adore, ERBUERAR DE Ca evrwekv>5 
AICI UC, HAMID 2 ya ROOM 
BEF SL, WE UCALVIGREIFERIS DO, te 
Whtrr<, HOKSS, BLES), ORM: 
DRA CERT Cis <, EMA bas7e DO DRT S I 

DITTES EV} ORR FS DD 9 Te. 

POINT SArremias & bY dP SIT Fe Fev 5 
Bi, RMON feo Ciimee IDO, THiz 
VY CL ED dE OICMRML Cire EW 5 BIZ 
¥ORRH SR, COZ LO—OORBAU, (KA 
RED WOD FICE ChOTPCAICELSSE 
M5, COBRCHLODHOMEE MY, CHiIz 
BAL CARO ROMErRS2, BROVERE 
LKOYPERD OBO YORMEITHSDEMSRAE So 
ROLUABRCHSoKRLERD. TOLD TBA 
LIZLIEG-Zb6HT, HENCE HOMEE RAL 
TSE 7c MMOS BA SOBA ENS CLE WG 
3S, URATIASS) 


aed 2 MAIOMG CRE 
10 9 14g 14.30~17.00 


BR RE ®& 

YVYRV VAD 2c FOUN Vicislt SiG 
MBLs b<C, [AOR LAE! CATS 
MBE PoC Cems hnk Cit: BE Be 
FRE). ZONAOMMILOF OLE) Chote. 

(1) MA AR GA-H- 4): Miko 
& BRAG 
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MUI O WPFEL IR HDs b Re haGIT 5 OA LL 
CWS, PERIL C OF O Bib LIfe > CHEF 
PHS, WIRHEZ 7 = PEP AWIRROMBER DS 
ORAL MCPS S tka bh, ANAS 
BOXFRERMLSS. COLE, PMKAKO 
DBIRRAIC SITS O. Disse LYK OIEM IRIN 
ITS O.D.s4g EOL rvr=O.D-432/0.D.549 & 
LOL, TURRERO MIGBEICA ROT, Mahe 
ria OB{LDER EADS MLS. MIOSNK 
CEB LES SL, r LFRONKKARE C 
LEOdSwEIZ r= const. —klogC OBKMdS.- 
ARO AICO kh OFA HR LGR, 
YAIR OW PICE GD MRE O BCI Mir S 
BREOB(LEGITLSEbLOCHWS LaHeRman 
fo, RAVE bE CiLaszs bb AMAOBBER Ic 
HWOLTH THA—-ECH SR, CHIIBAI Lo 
CHICAS S. tOMRi bw LEOF OM 
Tra, 

SH ZEPAZEA > ) v P(E SA > TAA > eG 
SF 

SH ZEPISEAIO APE PICMIBRBEBRZ SL, &5 
OLODRABRERS bbNS, FORBES MAO 
PiPRIREICKA Lic, eID LORRAMBES 
lal, "RIS +t BS EPs SOR ee 
Dh Lveti et, BxesEAAHi@ osmochemical system 
Bele SHAS CLE MML, FRA 
cle V YIR(LAR: BRERMMROMOz AV 
Ff —TRPAO (tL HEH LL, $5— osmochemical sys- 
tem (LIN MAMET AVE < AO IRAE YE OBEO hE 
CHEB SNSNAX CHS LGAL I. 

(2) SR RMER CRA: B+): at aWoK 
WRF IC Salt S BE a aE & EOS 

ELRINOKIRDS EO £5 te GPHEO b Lice 
SP, TCOLEITBES—-HORMRERIG & HBA 
EYLOMAMILVWESELOCHSE¢, CHUB 
PAWCHS. KROGR, C1) 24 2INIeZaO 
PYVAPVYESESACWSR THAMRITE SFE 
> CAWITRY LNMEDBES b Sb SRROMET 
S. (2) FV aAPFYORPWNIBHRIC LSOCR< Y 
MEY bEPSV eV VICEDSROCHS,. (3) & 
DB KET Va — NV OA BUS KIRIMC HAD RRC 
HSLEWACLEMPHDok, COBLMIABANE 
—fEOMPSRECHOLWRS, ECAC AT2 
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WNC VY ve bh, FVLVVERICAL TOFD 
4 DORIA S. 
1) Glucose + TPNH: = Sorbitol + TPN 


2) G-6-P + TPNH: = Sorbitol - 6 - P 
+ TPN 


3) Glyceraldehyde + TPNH, = Glycerol 
+ TPN 


4) Dihydroxy acetone - P+DPNH; 
= a Glycerol -P+DPN 

ZCORMEAAICTHPHOSTBoOICET S TPNH: 
DPNH; (i %484> pentose-phosphate cycle & fiz} 
RoHS & Hew’ We. Cib6 cytoplasm- 
ic enzyme system C4: U7 TPNH: & DPNHgit 
TEM MRCS F baY FY TOMRMRARIC Lo Tt 
PRIESNSILF CHS2A, HR HITIES bay PY 
TOBRFBERO LE PICA TAME UC HAES 
nT, SHBEHORIGe LU CHT VANE 
REABU< bDCTH4AS. 

DEO FEHR D Co CEBRIC bio Ch 
TABI ED b> Te, 

COYY RY YACLDDMFAIT LSMMEME 
LLICHERERBCirbh, HPORWRARO 
GC, LUSTCOMBAVER SHA, MRHVITIS A 
ALORBRORUSES, RAL ARERA Ch 
SLEW FBhSoK, GROVY RY IY ADS VAS 
RICO CHEREF LS CHA 5. (HERR) 


zoe 3 Species population OF} 
10 A 14 gq 14.30~17.00 


FER GAARA 

EX) 14 Fe 30 FD, BRIA HSL, CORB 
TADS, TEDSU IC HEHE TR RIT dO TED & ds < HHH 
HHEONFELTCE DHOMHNTCS KUBFL 
ATES £ OHA MO ZAM MERIC AMTS LOC 
HOTCLEMML, LK ICBRHOMRENMEE 
Bc. 

(1) #@FA—BB ER RRC + BCHE + AE) 
Population DAH 

AA AF, =YvV4YYD Mendelian popula- 
tion O7{EO ARIZ OVC, KRMER tte BERS, FE 
DBirHE(EEAE%e SVT, PI-Stk inbreeding, 
heteroic vitality ZL BV CANEL Tir < OCB 
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A> LBL, 

(2) FARMER CREA > RA +4): 
HORA L  COMMKAA-—AR AWE AAO 
WMRGAe Phe LC— 

AFRRLUOVs < Os OF REOITV LEE C, SESE 
ie He NC TB PR RE SEAR & SETA HT ONE D> 5 
AT, HER MALL Bip O BRO ALLIED 5 7e Pwd 
species population ~.»5 community level ~® 
DIZ O— HERR & mL. 

(3) FRYERERR ORK + BB+ he): 
WE REFITOVT 

ETT YO) LED OMMLLO BAMITW PES 
¥ COATSHMRMIZO ARMA OL CO, FEMA 
FEY UCR AALS THOMA Re 
$BADOOHSTCLEMRBLE. 

BR RmeaRAONA, thE Awe eae 
Cho, REIL THbLMALASC, BAR 
% Ae & LODZ CARL ic. 

BANAT SICH Sb, BRS MARA AA 
AORBMMAlc Lot, #HOmMAROSHE IL 
ARCARMWIET, SERAOAMITILV» ote, RE, 
NAIK RORMOdL, ZARMizb, CORE 
Byyv ALY AIR SIL eR RITOX, THe 
LCUERS 9), BIRR SCHICMS SAMS 
bok, BERii, Chb®MAanin4MoRA hab 
HEH aAe & Od CHBT A Chr EMEO 
CLES, tls CHROBMIT sked, RE 
ECHO MREFT DHT CLACES, Bie 
FRHOCL, MHOC LR LEBPARICHKHT Sas 
DEESARER. 

SMONFEHEAETA<, ERB 
WB, & < (CW BFAHORA SRLS SRBICBARH 
3 LORMARICH LBERAbL< ICH BAL 
we CUM CM MER, MHARORZD d, 
ARF AO RM >A RICH LERLEL, BE 
(LOOMAC LSA, AICHE L WR FILAO 
meaeOeHS 5 LARMLC, AAAH I zYVUG 
YD MATE OA A h7s DUNC, LOGE 3 Hie 
BITE, BSED A APMALDS Mendelian popula- 
tion (2X} L CHMEEL 45 RE HSMOMEMEN 
CHUB FICE 2 SO CVD LVY A EASE 
Battle, PERMIT CH 10 PRET 
DH CHokeas, CHIC LE CHUTE, + 


fi EM OD 


a aN eee PA 


Noy.-Dec., 1961 


AAFP BY VA YY DAAMICOV COMB D 0 
A RAs b 4 RMI Ofhic it SALAM OM MDS 
Snr, COCKMURFHEAOBERS Lk 
BWANA, HATSRALALE. 

Hat RieeaLligbnirmoke, Higis 
AL CHRIL 15 HORRGERE HR, Dir<k 
%, species population 2iiife™ - ARE - SV 
SS tHHCSOSAMAS, bod BML CL od 
briltnltebhwLwsAHRESBREDLEV 
SAMIictPork, Lael, RRSNK=ECOWH 
DHE £5 HNC HaMDVABA LIZ Lcd, lho & 
Oem Ol bNSITtBbikmwok, 

SMlCOw Clk, BRAT OMMITBRE Hoe 
WERE ARIChHeRSBELEMAICRE LES 
&, MAPA ASA Te SAH LV AICHE OB 
FILG S CHAU AFIT SEO A an C FET S AHH 
BeSiePotkek, Chit EU C-RBSBAED 
DREW LRBORNRE CRAVE OX A 
Mee< Werebw5 22, MEBRBANS, L 
DL, RRbEte ee Die Mad SPRORWSE bo T 
MMe, PCOTML wT wKO 
YY RV VU AIC L CHI RESGERL, ERE 
ROBAOCSEL <j RBICN MASH TC Pee AIL 
BeEWoTkKwkLREHNS, (SAHA) 


sae 4 MAAC MAMOTIE 
10 9 15 4H 14.30~17.00 


Fes BIIIBCK 

(1) PM BRE CRA Ace 4): SHI 
Ist S SMHS HE & TOI 

PF hh yO Aula & EAR CHET OT UE,” 
F.C. Steward 23 1949 Fic MUCK, 12 
Mic as7e ) OHERASNS, TAMITILARE 
FULT FAA MASEL ITMRMA RAN, lal 
Re RL I PFScLICLo CHOON], Heh 
iika ary KEVIEMRSEOMHCHS. — 
fic, FEZ> 1~60 OWE Cle MERE MIE D (RAT, 
AVMARO LOD MIM LA CSAs, fe 200~ 
300 AIGALARObOI< wes, Wicd Lee 
MMe & OW LA BPSC LI, Bx 5 CU 
Bic MUD Oeethe AV Sds, Erle 
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D fPIC AME ISCO LITORSAM (nurse 
culture) & HVSaUCRML TS, 

Wall, ex 7 IVOSPOB CIM 7, crown 
gall OFM AY, HL 5 EME Be we 
RoE CA, AORLMEL TES OM MAIER 
ScCéEPbmPok, Lae LWRAENI, HiMtk~b6 
SHOtLnTCEPAUANICHSH, FOBIALMEDFE 
HeRotk, ERRRMLELOLBRKEMICR TL 
dedifferentiation LC 4 4 OHM 7c MS MeRIZ Sh 
LST EDMB Stree, 

= OMIT X L, crown gall O23, crown gall 
& tissu anergié OPE, TRL 5 HERE CHRD BS 
WEBI te SHEL IZOV CHM bk. 

(2) (eRRCER EG GR A+ B+ HH): MMOD 
{ERHARD SAEIZOW CT 

GEK, HWOMRMO ME HET SO0ICAWbH 
CEKBELAMGSL, AZM AKY Mets 
WAKE RS. BAILMRA DFEDAO MLE 
WSs 5 MMLC, MEMO OMEOAITHEAL 
HNO Fes ek AVE) DbOMEL, COMBS 
OMAIGE, Mita Wwe LE LOMIGE OW CH 
{LO MRWRHE SCA LEPFSHECHS, TO 
FRILERN CHE RE RALT SA, HONDA 
{te MHS SE CAITRENEBARDHS. BRIT 
MEOARMIMELE RRL, CHLMRBHTELO 
MiEOWLILFSLOCHSM, chissi#ee 
(Lic, FEMA CHEW RESO, DEOUMHO 5 
Alto C, BAS MO RW Me Tc, 
L 29% ZMEBEHE O TEENY Ze AEDT & Fs C Te 5 Tew 
ik, #A®k% macerate L, [AAO HMMs mass & 
L CED 6 kilt & Haz Lint hidie bb ievo & fit L 
COBEOMEMREM BSS BRE WAL. 
RW TIT OVER AT AIIT AT AE Cae ST & & BK 
DAZA FiCkotCRLK, TCORMIRITINLT 
DLIPRAEORRILRA MBAS SIECBKCHE 
VW, EKEOLIRRMAPBBRMANKELTSH, FB 
DEED LI RRRE LU CHROMELAELTW 
CPOE CHS, HC EOMABESN CREA Mat 
icon, Wie AMA eC wedi te, (Hs) 
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BFIRT ORR 


10 5 168 (4) Bm 66 4, 


4-H] 9 RE 6 > LSPARFSG, 11 BR 28 AKA. 
ChMPbAA2BICR> CHA AIAS. KP 
ARR= OAL dS aA FH ME CRF, FRB 
ve- avREReeACMRes<. CoPbw 
ATES RMBRERMIS, EDDY zt eMe 
PerzlIOBRM. FKL, RFA MICOS 
ETRECRM, CCUKARBURAMSNEZ &B 
ZI OKMHMHithHso TC, MMRIXH 330 ha, 
PRE BAL CAITR OES, FERRED 
#UAITE L << MLA CHAR Bo CWS, 1H, 
Wb RNR & LL ek, HER < OFF ABS, 
MOR Beh) ERS. BMRENKCCA-NS 
—hO-KRHPORRRAEAZS, 2h 40 
SIKOAA, HRP SRFRBAHA RAT, MIB 
ORERMAAK SOD LA CHINE. YET 
BLRIIE L < ST SA RULAB ERA, ARAM 
RBMOMMICHE detelt 5. BD < CHd 


° 
=D Pn 
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Re LW ORR, 2>TFE TBR LRU CUS. 
ZA ALAA INI 92° BAO HEP iG EE, Ave 
RIC CME, DRLA, BEERBRMOHDKRES 
0. HILOMMILL ADGA CY LWURATWS, 
AARIRNEL, 40 54 HKASBLATORRICS 
2LEithH}5. SHAMLARIC CHR (ASR) 


x BB oo fe 
AY EB 
HOCH PIS (ARAIS64E9 H30H fax TAlcw 
UsrG) 


SARAH BA (APKFREM) > BAB 
DERALBIZOWC, BRK (KAKFBED): 
Braun-Blanquet, J., Pallmau, H., und Bach, R. 
22“Pflanzensoziologische und bodenkundliche 
Untersuchungen im schweizerischen National- 
park und seinen Nachbargebieten II. Vegetation 
und Boden der Wald- und Zwergstrauchgesell- 


schaften [Vaccinio-Piceetalia]” Dix 


Error 


One line was dropped between 17th and 18th lines in the key on page 327 of Vol. 74 Nos. 


877-878. It runs as follows: 


9. Leaves capillary, involute-margined, less than 1 mm wide. ....... 8. var. Fernaldiana. 


